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HISTORY, RANGE, AND HOME LIFE OF THE 
NORTHERN BISON* 


INTRODUCTION 


The home of the northern bison today is confined 
to the solitudes of Wood Buffalo Park. All the 
range, and hundreds of miles of surrounding country 
are unbrokenly covered with boreal forest, lake, 
muskeg, and grassy plain. Only at rare intervals 
is the hand of man displayed. Conditions remain 
essentially the same as when Mackenzie first voyaged 
down the Slave en route to the “frozen ocean.” Sifice 
then have come the nearby trading posts of Chipewyan, 
Fitzgerald, Fort Smith, and Resolution; increased 
population; eager mining activities; greatly stimu- 
lated trade and commerce; one of the busiest air 
lanes in Canada; yet all these combined make little 
or no impression on the bison and the profound 
seclusion of its range. 

In the annals of big game conservation the bison 
reserve occupies a rather unique place. Not only is 
it one of the most northern and isolated tracts set 
aside for the purpose, but it is also distinguished as 
the largest wild life preserve in North America. As 
will be noted, the park is named for that indigenous 
monarch with which the present paper is primarily 
concerned. 

The park boundaries of this great, unfenced do- 
main enclose an area of 17,300 square miles. Of this 
3,625 square miles lie in the Northwest Territories, 
and the remainder in the Province of Alberta. From 
the southern boundary in latitude 58° 05’ to the north- 
ern in 60° 40’, the length is 178 miles; at its widest 


* Published by permission of the Department of Mines and 
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part, between Slave River and longitude 115° 37’, it 
is 145 miles. The area is far removed from the 
ordinary frontier of settlement; no motorear roads 
exist, and the nearest railway in relation to the east- 
central boundary is about 200 miles away. 

Direct responsibility for the management of the 
park rests with a Superintendent, who is also Dis- 
trict Agent, with an office at Fort Smith, N.W.T. 
Active enforcement of the regulations in the field is 
carried out by a Chief Warden with the assistance 
of twelve wardens. Patrol and residence cabins are 
situated at strategic points in the reserve, and tel- 
ephone lines are in operation between Fort Smith 
and park headquarters, as well as from the latter 
point to many of the outlying eabins. Several hun- 
dred miles of roads and trails provide, in various 
sectors, means for rapid supervision and_inter- 
communication. 

The original Indian population still resides in the 
park area. Under the treaty agreements drawn up 
at the time of the establishment of the park in 1922, 
the natives retained the right to hunt and trap under 
permit. These permittees number about 335 (ex- 
clusive of dependents) or an approximate average of 
one adult hunter to each 46. square miles of terri- 
tory. No Indian or half-breed without registration 
as habitually domiciled here in 1922, can effect legal 
entry for residence, or hunting, since that year. 
Whites, likewise, aside from park personnel, are ex- 
cluded except for properly authorized scientifie in- 
quiry supported by special permit. 

Personal observations in regard to the present sub- 








Photo by Warden F. C. Dent. 
Fig. 1. Group of Bison on Slave River a few miles north of Riviere des Rochers, Wood Buffalo Park, Alberta. 
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ject are based upon a two-year term of investigations 
in Wood Buffalo Park for the Dominion Govern- 
ment. Though various inquiries had. been instituted 
earlier, the administration was now concerned with 
more thorough and prolonged research respecting 
certain complex problems in the northern range. 
Following return from the Baffin Island expedition 
of 1930-31, the writer was assigned to these duties 
and took departure from Ottawa the following spring. 
Wood Buffalo Park was entered in late May, 1932. 
The desired investigations were pursued without in- 
terruption until the opening of navigation in 1934, 
when a return was made to Ottawa. During this 
time the writer had residence at park headquarters 
(Government Hay Camp), Slave River. Chiefly from 
the latter point, successive journeys were undertaken 
into the interior by every available mode of travel 
at all seasons of the year. The time factor, together 
with common difficulties of hinterland travel over so 
large a tract, in the end militated against coverage 
of the entire territory. 

Most of the time was devoted to bison investiga- 
tions. Though this was of initial importance, only 
second in place came a general survey of the whole 
park fauna—the first attempted for this area. The 
work also dealt with such related subjects as climate, 
forest cover, physiography of the range and ge- 
ographieal explorations. The objective was an am- 
bitious one, and the labor thronghout has been 
considerable. It is a pleasure to remark here in 
grateful acknowledgment, that the work accomplished 
would have been quite impossible without the whole- 
hearted co-operation rendered by the Wood Buffalo 
Park staff. 


HISTORICAL SKETCH 


The present work would be deficient without a 
historical background. Reference will be made to 
various events, and those explorers, scientifie inves- 
tigators, notable traders and hunters who, one way 
or another, have laid the foundations for existing 
knowledge of the country and its wild life. The sum- 
mary embraces a period of 165 years. To consider- 
able extent this rests squarely upon Preble’s admirable 
aecount in North America Fauna No. 27, up to the 
year 1907. 

The history of the region opens with the famous 
journey of Samuel Hearne (1795) in 1770-72. After 
two unsuccessful attempts he finally left Fort Prince 
of Wales (Churchill) in December, 1770, and on July 
17, 1771, arrived at his immediate goal—the mouth 
of Coppermine River. After further hardships, 
Great Slave Lake was reached in late December of 
the same year. He now crossed the lake to Slave 
River and aseended the latter for about 40 miles, 
thus being the first civilized traveller to penetrate 
the haunts of the wood bison. From here he bore 
eastward to the line of his outward march near 
Clowey Lake, thence back to Fort Prince of Wales 
after an absence of 18 months and 23 days. 

Hearne’s notable penetration northwest of Hudson 
Bay served as a wedge in opening up a vast terri- 
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tory, until this time unknown north of the Saskatch- 
ewan River. The fur traders now gradually worked 
northward by way of Churchill River, Isle a la Crosse 
and Methye Portage to Athabaska River. In 1778, 
Peter Pond established a trading post on this stream 
about 40 miles south of Athabaska Lake. Other posts 
were erected on the south shore of Great Slave Lake 
in 1785. The first mentioned establishment was re- 
moved in 1788 to the south shore of Athabaska Lake, 
about 8 miles east of the river’s mouth, and was 
named Fort Chipewyan. For many years this was a 
very important center of fur trade and exploratory 
activities. 

It was from this point that Alexander Mackenzie 
(1801) in the summer of 1789 started on his re- 
nowned journey of exploration to the mouth of the 
great river which now bears his name. The post was 
left on June 3, the Mackenzie Delta reached about 
mid-July, and Fort Chipewyan attained again on 
September 12. 

In 1790-92, Philip Turner engaged in careful sur- 
veys within the present region, especially Athabaska 
River below the mouth of Clearwater River; Atha- 
baska Lake; Slave River; and a limited portion of 
the south shore of Great Slave Lake. 

On October 10, 1792, Alexander Mackenzie set out 
again from Fort Chipewyan on his even more re- 
markable canoe and foot journey to the Pacifie—the 
first traveller to cross the continent north of Mexico. 
He wintered at a new trading post built by his party 
near the junction of Peace and Smoky rivers (the 
fourth post up to this time on the lower Peace), and 
the following summer pressed on to the Pacific, 
which was reached after many hazards at the end 
of July. Mackenzie now retraced his way to Fort 
Chipewyan, where he arrived in September, 1793. 
His narratives of these journeys, published in 1801, 
reveal much of interest pertaining to the country and 
its resources. 

These early penetrations will always have particular 
significance in relation to the pioneer history of the 
Mackenzie Basin. Harmon (1820) followed in 1808- 
10, making various observations on the wild life dur- 
ing a journey on Peace River. Now came the 
redoubtable Captain (later Sir John) Franklin 
(1823) with his famous party consisting of Richard- 
son, Back, Hood, and Hepburn. With their expedi- 
tion of 1819 began “a series of explorations which 
resulted in the accumulation of a vast amount of 
information relating to the fauna of the region.” In 
the present connection it ean only be briefly noted 
that Franklin arrived with Back at Fort Chipewyan 
on March 22, 1820. Joined by the remainder of the 
party on July 13, all left for the far north via Slave 
River five days later. After notable explorations 
and great privations, Franklin with other surviving 
members of the original party left Great Slave Lake 
in the spring of 1822, retraced his way to Fort 
Chipewyan, and thence over the Methye Portage- 
Churchill River route on his way to England, which 
was reached the same year. 

This was followed by Franklin’s second expedition 
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to the polar sea 1825-27 (1828), the chief members 
being Franklin, Back, Richardson, Drummond, Ken- 
dall and Dease. As in the previous expedition, the 
present region was traversed via Athabaska River to 
Fort Chipewyan, thence down the Slave and Mac- 
kenzie rivers, in 1825. After a complex itinerary in 
the far north, with most important explorations by 
separate parties of the expedition’s members, they 
rejoined and left for England in the summer of 1827. 
The outstanding result of the Franklin expeditions 
(including those of Ross and Parry) was a series of 
superb volumes, Fauna and Flora Boreali-Americana, 
the last biological court of appeal concerning the 
region for over 100 years, and which still ranks as a 
standard work of reference (for Mammals see J. 
Richardson, 1829). 

Captain George Back (1836) on his way to explore 
Great Fish River (since named Back River) reached 
Fort Chipewyan, by way of the usual Methye Port- 
age route, on July 29, 1833. Second in command 
was Richard King, surgeon and naturalist. After 
suecessfully attaining the mouth of Back River on 
June 28, 1834, the party ascended the stream and 
again wintered at Fort Reliance. Fort Resolution 
was reached on April 26, 1835, where a halt was 
made until June 10; now followed ascent of the 
Slave and arrival at Fort Chipewyan on June 22, 
en route to England via Lake Winnipeg and Hud- 
son Bay. King’s narrative (1836) is rich in wild life 
notes, with direct bearing on the present Wood 
Buffalo Park territory. 

Thomas Simpson (1843) now followed with Peter 
Warren Dease on an exploratory expedition in the 
interests of the Hudson’s Bay Company. Dease had 
been a member of Franklin’s second expedition. 
Travelling overland on snowshoes from Winnipeg 
they reached Fort Chipewyan in the early winter of 
1837, and left there on June 1 to descend Slave and 
Mackenzie rivers to the Arctic coast. The winter of 
1837-38 was spent in a post (Fort Confidence) which 
they built near the mouth of Dease River, Great Bear 
Lake. After successful explorations to the north 
they again wintered at this post, to return the next 
summer to the Arctic coast. With their work done, 
they retreated to Forts Confidence and Simpson, and 
as soon as snow fell in the early winter of 1839, 
started by dog-sled for Red River. Many observations 
were made on the fauna en route, and a valuable 
collection of plants preserved. 

As Preble (1908:70) aptly says, “The year 1859 
marked the beginning of a period of nearly ten years, 
during which more light was thrown on the natural 
history of the Mackenzie River region than during 
any equal period before or since. This resulted from 
a visit of Robert Kennicott, an enthusiastic young 
naturalist sent to that region by Prof. S. F. Baird 
in the interests of the Smithsonian Institute.” Ken- 
nicott also proceeded by way of the Methye Portage- 
Clearwater River route to the Athabaska, where he 
arrived August 3, 1859. Little time was spent in the 
district with which we are directly concerned, as he 
immediately pushed on to reach Fort Simpson on 
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August 15. In this general region he pursued his 
investigations during the winter of 1859-60. Of spe- 
cial interest is the fact that he worked at Fort Res- 
olution from April until August of the following 
summer, later to continue his researches down the 
Mackenzie. He finally returned to the United States 
in the autumn of 1862. 

Kennicott was responsible for enthusing a number | 
of men in the far north with an enduring love of 
natural history, who during the former’s visit, and 
for many years after, industriously gathered notes, 
and forwarded thousands of specimens to the Smith- 
sonian Institute. The most distinguished of these 
Hudson’s Bay Company men was Roderick Mac- 
Farlane. Of lasting contribution to the science was 
the publication of his knowledge on the mammals and 
birds of the Northwest Territories (1905). In this 
vast region MacFarlane was stationed as a post and 
district manager for a period of more than 40 years, 
between 1852 and 1894. In the main, his observations 
are related to the northern section of the Mackenzie 
River district, but highly pertinent are wood bison 
and other notes accumulated during a residence of 
15 years at Fort Chipewyan, from 1870 to 1885. 

Between 1862 and 1883, Emile Petitot (1885), a 
French missionary, travelled over many sections of 
the north, then unknown except to the natives of the 
country. Large areas of the Mackenzie-Great Slave 
Lake-Great Bear Lake sector were first explored by 
him; in his voluminous writings of five volumes, and 
several shorter articles, was laid a foundation of 
knowledge regarding the region which is still in part 
indispensable. A great many notes on the fauna are 
seattered through his books of travel. Only one title 
is listed in the bibliography, as directly applicable 
to the present Wood Buffalo Park district. 

In his The Wild North Land, W. F. Butler (1873) 
writes a popular account of a winter journey which 
he made in 1872 by dog-sled from Fort Garry (Win- 
nipeg) to the Pacific. His route embraced the plains 
to the west, and the valleys of the Clearwater, Atha- 
baska, Peace, and Frazer rivers. A few faunal notes 
appear. 

In 1875, John Macoun, botanist to the Geological 
Survey of Canada expedition to Peace River, under 
Dr. A. R. C. Selwyn, descended this stream to Atha- 
baska Lake and thence out to civilization via Atha- 
baska and Clearwater rivers, and the Saskatchewan 
plains. Derived from this and other journeys in 
various parts of the northwest, are numerous detailed 
observations on flora and fauna published in his 
Manitoba and the Great Northwest (1882). 

In 1882, Dr. Robert Bell, Geological Survey of 
Canada, made inquiries along Athabaska River to 
Athabaska Lake. R. G. MeConnell (1891), also of 
that institution, devoted attention, during the seasons 
of 1887 and 1888, to geological investigations in the 
Slave-Mackenzie region. Of special interest is his 
work along Slave River to Fort Smith, Salt River, 
and the southwest shore of Great Slave Lake. In 
1889 he also examined much territory between Peace 
and Athabaska rivers. 
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The noted hunter and explorer, Warburton Pike 
(1892) visited the Athabaska-Mackenzie district dur- 
ing the years 1889 and 1890. He entered the country 
by the customary Athabaska-Slave River route, and 
after extensive adventurings from Great Slave Lake 
northward into the tundra, left the country by way 
of Slave and Peace rivers. The narrative of this 
trip abounds with notes on the natural history of the 
region. 

In the summer of 1892, J. B. Tyrrell, Geological 
Survey of Canada, explored about Athabaska Lake 
and over a large tract of country to Churchill River. 
The following year he and his brother, J. W. Tyrrell, 
conducted geographical and geological investigations 
from Athabaska Lake via a series of previously un- 
explored lakes and rivers to Chesterfield Inlet and 
thence to Churchill. The remainder of the journey 
to Winnipeg was made over the snow in the early 
winter of 1894 (1894; 1896). 

From August, 1892, to September, 1894, Frank 
Russell (1898), under the auspices of the University 
of Iowa, was engaged in collecting specimens of 
natural history in various districts of northwestern 
Canada. Of concern here was the time he spent in 
the Fort Chipewyan district from about mid-May to 
June 20, 1893. He then descended Slave River to 
Great Slave Lake, and after extensive. journeyings to 
the north devoted time to investigations about Fort 
Resolution. From this place in January. 1894, he 
made an unsuccessful trip about 50 miles southward 
to secure a specimen of wood bison. With the open- 
ing of navigation, the remainder of the season was 
spent along the Mackenzie to the Beaufort Sea, thence 
from Herschel Island by the whaling steamer Jeanette 
to San Francisco. 

In late December, 1894, Caspar Whitney (1896) 
travelled from Edmonton with horses to Lae la Biche, 
and from here by dog-sled to Fort Smith. After an 
unsuccessful hunt for bison to the west, he carried 
on to Fort Resolution, and finally into the Aretiec 
tundra after musk oxen northeast of Fort Rae. The 
following summer he canoed up Little Buffalo River, 
portaged to Salt River, thence followed the usual 
river route, to reach Edmonton about the middle of 
June, 1895. 

Dr. Robert Bell (1900) Geological Survey of Can- 
ada, assisted by his nephew, J. M. Bell, explored the 
eastern and northern part of Great Slave Lake dur- 
ing the summer of 1899. Dr. Bell left Fort Resolu- 
tion on. September 29, 1900, thence to Fort Chipew- 
yan, from which point, with the onset of winter, he 
was obliged to travel to Edmonton by snowshoe and 
dog-sled. 

The well-known traveller and explorer David T. 
Hanbury (1904) entered the country from the east. 
Leaving Fort Churchill in May, 1899, he proceeded 
to Chesterfield Inlet, Baker Lake, and over a pre- 
viously unexplored route to Great Slave Lake. Fort 
Resolution was reached on September 25, and Ed- 
monton early in the winter. In 1901 he returned to 
Fort Resolution which he left on July 13, to engage 
in extensive explorations to the northeast, north, and 
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west, which were finally terminated upon his arrival 
at Fort Norman on August 30, 1902. 

The last journey of Hanbury was preceded by 
J. W. Tyrrell (1902) of the Dominion Lands Survey, 
in 1900. The latter reached Fort Resolution over the 
winter trail from Edmonton on April 1. Continuing 
by sled, he reached “Pike’s Portage” at the eastern 
end of the lake on May 9, and the head of Artillery 
Lake on June 21. Now followed explorations east- 
ward to the Dubawnt and back to Artillery and Great 
Slave lakes. On September 23, the party again 
reached Fort Resolution. 

In 1901, Edward A. and Alfred E. Preble (1908) 
of the United States Biological Survey began a 
notable biological reconnaissance of the Mackenzie 
Basin. They reached Fort Chipewyan on May 17, 
and after collecting at many points en route north- 
ward to Fort Rae, arrived here again on August 7, 
and at MeMurray on the 10th. Of special interest, 
in the present connection, is the amount of research 
work accomplished at Chipewyan; at several points 
on Slave River along the eastern boundary of the 
present park area; at Fitzgerald (formerly Smith 
Landing) ; and Forts Smith and Resolution. 

During the summer of 1902, important original ex- 
plorations were conducted by Charles Camsell (1902), 
Geological Survey of Canada, in territory now em- 
braced by Wood Buffalo Park. He arrived at Fort 
Smith on July 1, and proceeded at once to the first 
of three separate journeys to determine the character 
of the region. The initial undertaking was a canoe- 
track survey of Salt River, carried about 20 miles 
above the brine springs; next an overland pack and 
saddle horse journey to Ninishith Hills and Moose 
(Conibear) Lake; and finally a canoe journey to the 
headwaters of Little Buffalo River, with a portage to 
and descent of Jackfish River to the Peace, which 
was reached on August 27. 

In 1903, the Prebles’ faunal work (1908) for the 
United States Biological Survey in the Athabaska- 
Mackenzie region was recommenced. Fort Chipew- 
yan was reached, after work en route, on June 2, 
and Fort Resolution on the 19th. The party here 
divided, Alfred E. Preble and Merritt Cary to pro- 
ceed down the Mackenzie, and Edward A. Preble to 
Great Bear Lake via Fort Rae. The former division 
left the region in September, while the latter worked 
west to Fort Norman and thence up the Mackenz e 
to Fort Simpson, which was reached in late October. 
Here Edward A. Preble wintered, to proceed the fol- 
lowing summer as far north as Fort MePherson. 
After a fruitful season, Fort Resolution was reached 
on August 1, Fort Smith on the 3rd, and Edmonton 
on September 4, 1904. These expeditions as a unit, 
deserve special mention, as resulting in the most com- 
plete treatise on the fauna of the Mackenzie drainage 
ever published. 

In the present connection, attention must be di- 
rected to the admirable work accomplished in this 
region by the then Royal Northwest Mounted Police. 
Upon that foree, stationed at various detachments 
from Fort Chipewyan to Fort Resolution and west. 
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fell the responsibility for the earliest concerted effort 
to preserve the remnant of wood bison confined to 
this quarter. The first notable patrol to this end was 
made by Inspector Jarvis (1897) in 1897. From now 
until 1911, the police were very active in patrolling 
and setting up a network of inter-communication over 
the range; this resulted in the earliest convictions in 
regard to illegal killing of bison, which were now 
permanently protected by a law passed in 1893. Police 
reports give little or no detailed account of actual 
patrols in the bison range up to 1907, but after this 
a fund of information is available as a result of these 
activities. In addition to Jarvis, the following police 
officers notably contributed to bison conservation and 
early knowledge of these animals and their range: 
L. W. Herchmer (1898-99), Insp. C. H. West (1903), 
Supt. T. A. Wroughton (1903), Supt. C. Constantine 
(1901-3-6), Sergt. R. Field (1908), Sergt. R. W. Me- 
Leod (1908-9-11), Supt. W. A. Routledge (1908), 
Const. A. G. Gairdner (1909), Const. W. A. Johnston 
(1909), Sergt. A. H. L. Mellor (1909-10), and Supt. 
G. E. Sanders (1910-11). In 1911 the police were 
relieved of special supervision of the bison, which was 
now turned over to game guardians until the Wood 
Buffalo Park warden service was organized in 1922-23. 

During the summer of 1907, Ernest Thompson 
Seton (1911), accompanied by Edward A. Preble, 
conducted a natural history expedition via Athabaska 
and Slave rivers, Great Slave, Artillery, and Clinton 
lakes, to Alymer Lake in the Arctic tundra. Upon 
arriving at Smith Landing (Fitzgerald) in early 
June, about a month was spent in this neighborhood. 
and west of Fort Smith. With the co-operation of 
Inspector A. M. Jarvis, R.N.W.M. Police, three trips 
were made into the bison range—with horses south- 
west, and west over the plains to Alberta Plateau, 
and by canoe along Little Buffalo and Nyarling rivers. 
Return trip from the tundra at Alymer Lake was 
commenced about September 1, and Athabaska Land- 
ing reached on November 1. The expedition acquired 
a large fund of valuable faunal information—much 
of pertinence in regard to the present park area. 

Under the auspices of the American Bison Society, 
Harry V. Radford (1911) journeyed north, in the 
summer of 1909, to make a special study of the wood 
bison. For about two years he made his headquarters 
at Fort Smith, from here engaging in many trips at 
all seasons to prosecute his investigations in the 
haunts of the bison to the westward. One fine speci- 
men was collected, and much information gained con- 
cerning the animals and their country. In the summer 
of 1911 he quit Fort Smith to engage in an expedition 
from Great Slave Lake to Chesterfield Inlet on which 
he lost his life. 

During the late summer of 1914, Francis Harper 
(1914), who was attached as zoologist to the Geolog- 
ical Survey of Canada expedition, in the exploration 
of the Tazin and Taltson rivers, arrived at Fort 
Smith, homeward bound, with a view to entering the 
range of the wood bison. The trip was arranged by 
the government agent, A. J. Bell, and he left on 
September 7, accompanied by Peter McCallum and 
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Robert Salmon. Travelling southwestward to the 
vicinity of “Salt Mountain” he saw one animal and 
gathered considerable data, arriving again at Fort 
Smith on September 12. 

In the summer of 1916, Charles Camsell engaged in 
extensive explorations of the salt plains and uplands 
from Fort Smith to Peace River. He secured some 
information on the bison, and preserved a small eol- 


lection of forage plants; soon afterwards he published . 


a valuable report on the geology, topography, and 
natural resources of the district (1916). At about 
this same period E. M. Kindle was engaged in geolog- 
ical survey investigations, which resulted in several 
papers with a bearing on the lowland districts of 
Athabaska, Peace and Slave rivers (1918; 1920; 
1928). 

F. H. Kitto (1924) during the summers of 1920- 
21, made a special study of the southern part of the 
bison range, then north of Peace River. The varied 
excursions in the area lead to a masterly description 
of the country, one of the best ever published. This 
particular work on the part of the Dominion Govern- 
ment was continued by F. V. Seibert (1923) in the 
summer of 1922, with special reference to the north- 
ern area, north and west of Little Buffalo River. 
Partly depending upon these investigations was suit- 
able delimitation of the boundaries, and organization 
of Wood Buffalo Park, which was set aside by an 
Order-in-Couneil in December, 1922. The map pre- 
pared by Seibert (1922) is replete with interest, 
including many notations on forage, forest cover, 
topography, and distribution of the bison. 

In company with G. S. Hume (1923) and E. J. 
Whittaker, M. Y. Williams (1922) engaged in ex- 
tensive exploratory work in the Mackenzie Basin, 
during 1921, for the Geological Survey of Canada. 
The party started at the town of Peace River on 
May 19, and descended Peace, Slave, and Mackenzie 
rivers to Fort Norman. Leaving there August 21, 
Fort Smith was reached on September 4, and Me- 
Murray, via Athabaska River, on the 9th. In addi- 
tion to geological investigations, Williams gathered 
important data on the fauna of the country traversed, 
including notes on the wood bison. The most com- 
prehensive treatment of the post-glacial geology of 
the park area is that by A. E. Cameron (1922) who 
spent much time in field work in different parts of 
the Mackenzie Basin. Fullerton Waldo (1923) who 
journeyed down the Mackenzie, in 1922, secured a 
variety of notes on the wood bison, but it does not 
appear that he personally entered the range of these 
animals. 

In the summer of 1922, Maxwell Graham, Depart- 
ment of the Interior, Ottawa, devoted considerable 
time to investigations in Wood Buffalo Park. His 
work dealt chiefly with the administration of the 
Northwest Game Act, and special inquiries into the 
habits and habitat of the wood bison. The resulting 
report (1923) is of much interest. 

Dr. William Rowan, University of Alberta, jour- 
neyed to Wood Buffalo Park, in the early fall of 
1925, with the objeet of specializing in a study of 
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the wood bison. He was successful in collecting a 
series of specimens of athabascae, and considerable 
data pertaining to its habits and habitat. Brief 
reference to the subject, with an excellent drawing 
of a wood bison head, was published in Country Life 
(1929). 

In the summer of 1926, John Russell (Topograph- 
ical Survey of Canada) examined a portion of the 
northern area of the park, and greatly increased our 
knowledge of the flora in this little-known seetor by 
making a collection of plants, subsequently determined 
by the late Dr. R. O. Malte, then Chief Botanist of 
the National Museum of Canada. This is the only bo- 
tanical material available from that section of the 
country; it was gathered principally along Sass, 
Klewi, and Nyarling rivers. 

G. H. Blanehet (1926; 1927), accompanied by J. F. 
Moran, Department of Interior, Ottawa, spent the 
summer of 1926 in earrying out various inquiries in 
the park. There was need of a complete aerial and 
ground survey of the area and Mr. Blanchet began 
the preliminary work. In addition, much valuable 
information was gathered relating to the topograph- 
ical nature of the range chiefly inhabitated by the 
northern bison. 

The most thorough botanical investigation ever at- 
tempted in the region was commenced in 1926 by Dr. 
R. M. Raup, assisted by his wife, in the interests of 
Harvard University. Collecting was chiefly confined 
this season to Embarras River, Athabaska Delta; in 
1927 it was extended to the Peace Delta and localities 
along upper Slave River. The work was continued 
during the summers of 1928-29-30, for the National 
Museum of Canada. Large areas in the southern part 
of the park were investigated north to Fort Smith 
and west to Caribou Mountain. The great amount of 
data and material gathered resulted in two principal 
reports—one ‘on range conditions in the park with 
reference to the bison (1933), and an exhaustive treat- 
ment of the plants found in the territory traversed 
(1935). 

Dr. R. M. Anderson (1929), National Museum of 
Canada, made a trip to Wood Buffalo Park in 1927, 
in co-operation with Dr. Seymour Hadwen, University 
of Saskatchewan: The chief object was to obtain 
speeimens of the wood bison for both institutions. 
The party left Fort Smith for the interior on Septem- 
ber 6, and reached Fitzgerald on the 30th, to leave on 
the next boat for the south on October 6. In its 
main purpose the expedition was entirely successful, 
and further enriched by much other biological mate- 
rial seeured from various sections of the bison range. 

Between the years 1927 and 1929, the activities of 
the Topographical Survey of Canada in making a sur- 
vey of large areas-of the park by aerial photography 
added enormously to existing knowledge of the park’s 
interior. The resulting maps (1929-30) have im- 
measurably aided the administration of the area, as 
well as all investigators who have subsequently pen- 
etrated the country. The less accessible sectors (in 
relation to available water for emergency landings) 
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in the northeast, west, and southwest, await similar 
aerial surveys. 

The writer’s investigations began, as earlier stated, 
in the late spring of 1932, and were pursued almost 
incessantly at all seasons of the year until early 
spring of 1934. These covered most of the region 
from the vicinity of Birch Mountain, and River, north 
to the Nyarling and Great Slave Lake, and west to 
Buffalo Lake, the upper waters of Buffalo and Little 
Buffalo rivers, Thultue Lake, and the Jackfish River 
drainage. In addition to general explorations (1937; 
1939), and bison inquiries (involving journeys aggre- 
gating approximately 8,015 miles), a regular faunal 
survey was concurrently sustained; this resulted in a 
large mass of data and the collection of over 1,000 
zoological specimens. 

In the summer of 1934, another expedition set out 
for Wood Buffalo Park to study, collect, and take 
motion pictures of wood bison. This was largely 
sponsored and headed by Harry Snyder, of Montreal, 
who was accompanied by George G. Goodwin (1935), 
American Museum of Natural History, in co-operation 
with the National Museum of Canada. The party flew 
from Edmonton to Pine Lake, arriving on August 13. 
From now until early winter the work was divided 
into two partially successful periods. As the series 
of specimens required was not yet complete, Goodwin 
returned by airplane on March 25, 1935, and again 
with the assistance of the park wardens continued 
until the desired objective was reached. 


ORIGINALS OF THE RANGE 


INTRODUCTORY REMARKS 


The American bison, as a species, was normally of 
both sylvan and ecampestrian distribution. This is 
demonstrated by the fact that it formerly ranged 
from eastern Georgia and Pennsylvania to Arizona and 
northern Nevada, and from northeastern Mexico to a 
point beyond Great Slave Lake. Large numbers of 
the animals were thus as much at home in the heavy 
woods of the east and north, as they were on the 
great treeless plains of the west. Having been ex- 
terminated in the forests of eastern America at an 
early date and because they were later discovered in 
teeming multitudes on the western plains, the latter 
came to be regarded by most people as the typical, 
if not the only, habitat. In a certain restricted sense 
this was justified in the mind of the general publie, 
for it was in the western territory that the bison at- 
tained its greatest numbers and appeared in the 
largest herds. In faet, in its prolific abundance on 
the plains was marshalled one of the grandest wild 
life spectacles ever granted the sight of mortal man. 
Bison and the Great Plains were practically synony- 
mous. 

For North America, as a whole, it has been vari- 
ously estimated that the bison population reached the 
prodigious total of from 40,000,000 to 60,000,000 in- 
dividuals. As eastern regions were gradually settled 
the animals were killed off, or forced to retreat across 
the Mississippi River. Here they prevailed in great, 
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though fast diminishing numbers, until their dis- 
appearance in the last, hide-hunting slaughters of 
about 60 years ago. There now remained in a wild 
state only the wood bison in the fastnesses of the far 
north. 

Three races of American bison are now recognized : 
the eastern bison, Bison bison pennsylvanicus (Shoe- 
maker), exterminated about 1800, which were larger 
and darker than the plains race and apparently of 
the wood bison type; the plains bison, Bison bison 
bison (Linnaeus), which was the common and most 
abundant race; and the wood bison Bison bison 
athabascae Rhoads, the subspecies with which we are 
now directly concerned. For all practical purposes 
these latter animals may be considered as the last 
wild remnant of the original North American herds. 

To the average person as Garretson says (1923 :29), 
“the home of the wood bison, until recent years, has 
been a veritable terra incognita, lying somewhere be- 
tween the International Boundary and the North 
Pole.” In large measure the remoteness and com- 
parative inaceessibility of its range was responsible 
for its survival. 


IDENTITY AND DESCRIPTION 


From Hearne (1795 :250-52) comes the first notice 
of the physical characteristics of the wood bison. 
Referring to animals seen on the south side of Great 
Slave Lake, he says in his journal for January 9, 
1772: 
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“The Buffalo in those parts, I think, are in general 
much larger than the English black eattle.... The 
horns are short, black, and almost straight, but very 
thick at the roots or base. ... The head of an old 
bull is of a great size and weight indeed; some of 
which I have seen were so large, that I could not 
without difficulty lift them from the ground. : 
The hair of the body is soft and curled, somewhat 
approaching to wool; it is generally of a sandy brown, ° 
and of an equal length and thickness all over the 
body; but on the head and neck it is much longer 
than it is on any other part.” 

Evidently Mackenzie (1801) did not differentiate 
the wood bison from those of the plains. After 
lengthy residence in the region, Richardson (1829: 
279-83) failed to distinguish as between the two 
animals, but remarks that “The bison which frequent 
the woody parts of the country form smaller herds 
than those which roam over the plains, but are said 
to be individually of greater size.” This is appar- 
ently the first published intimation of any difference. 
Evidently the earliest direct comparison is voiced by 
Hind (1860:105) who, judging from skins which he 
saw at Red River, thought that marked differences 
existed as between the wood buffalo and “the prairie 
animal.” He goes on to suggest that the wood bison 
may be closely related to the Lithuanian bison. 

In his monograph on the plains bison Allen (1876: 
447) discusses, without pronouncing upon, the dis- 
tinections between the wood, plains, and mountain 





Photo by Warden F. C. Dent. 
Fig. 2. Bison cow in spruce forest near Seow Channel, Slave River. 
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buffaloes. While Seton (1886:114-17) was living in 
western Canada, in 1884, he heard much about the 
wood bison and obtained detailed information from 
Elzear Mignault, a French trader who had lived for 
ten years at Peace River; he says: 

“Mignault maintains with the Indians that it is 
distinet, urging also in support of his opinion that 
the only Prairie Buffalo ever seen in the valley was 
killed in 1866. . . . All my informants agree that the 
Wood Buffalo differs from its prairie relative, in be- 
ing much larger and considerably darker in colour. 
Mignault adds that its legs are proportionately 
shorter, its horns less robust and more curved in- 
wards, its hair, shorter, finer, entirely without curl, 
and all over of a very dark brown, almost a black in 
winter, but in the summer assuming a hue not unlike 
that of the prairie animal. . .. The Indians eall it 
Ah-thuk-ard Moos-toosh, and consider it quite distinet 
from the Prairie Buffalo, which they eall Mas-kootay 
Moos-toosh.”’ 

Remarking on Seton’s article, of which the above 
is an extract, Rhoad’s (1897 :495) writes: “Mr. Seton 
seems convinced that his ‘Wood Buffalo’ is a good 
‘variety,’ but, like all who wrote before him, dares 
not assign it a distinetive scientific name, calling it 
‘Bison americanus var.?’ He also advances the theory 
(and there are many reasons for adopting it) that 
our plains buffalo is a degenerate, modern offshoot 
of the ancient woodland stock, which last named spe- 
cies exclusively inhabited the country before the 
prairies, as such, existed. Parallel instances which he 
cites in support of this theory are the timber and 
prairie wolves of the same regions and the timber 
and barren-ground caribou.” 

Warburton Pike (1892:143) penetrated the north- 
ern range in 1890 and secured an adult male wood 
bison southwest of Fort Resolution. He voiced his 
opinion by saying “. . . I am inelined to think that 
the very slight difference in appearance is easily ac- 
counted for by climatic influences, variety of food, 
and the better shelter of the woods.” This is a part 
of the first, authentic published account written by 
a person who actually travelled the range occupied 
by the wood bison and who was also so highly skilled 
as an observer. Though the full account is compara- 
tively short, “It is sufficient, however, to show that 
he recognized a difference and attributed it to well- 
known laws upon which the systematist bases his 
limitations of subspecies” (Rhoads, 1897:496). The 
specimen taken by Pike. was the first reliable mate- 
rial to reach a scientifie institution; it is now in the 
National Museum of Canada. 

In 1897 Rhoads (l.c.:493) said that, “The charac- 
ters of this specimen sufficiently confirm the more 
trustworthy statements of those who have had a field 
experience with the Wood Buffalo to show its claim 
to recognition as a well-defined race of Bison bison.” 
He then proceeded to deseribe the new race, Bison 
bison athabascae, based on Pike’s bull as type speci- 
men, and designating the type locality as “within 
fifty miles southwest of Fort Resolution, Great Slave 
Lake” (1.c.:498). A complete description follows on 
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pages 498-500. Among his coneluding remarks is the 
following: “The great size, darkness of color, and 
character of horn and horn-core in the type of Bison 
bison athabascae, granting that it is typical of the 
form known as the Wood Bison, are quite sufficient 
to distinguish it from the plains animal and fully 
justify the opinions of many hunters and travellers 
as to its separability from the latter. The characters 
of the skull alone are sufficient to warrant the dis- 
tinction. In the type the frontal breadth between the 
bases of horn-cores is . . . more than 50 mm. wider 
than the largest old male skull of B. bison in the mu- | 
seum of the Academy of Natural Sciences of Phila- 
delphia.” | 
Chambers (1907 :76-77) says: “Mr. H. A. Conroy 
of the Indian Department, in his evidence before the 
Senate committee of 1907, said that ‘. . . He ob- 
tained a specimen [of wood bison] for the Depart- 





ment of Agriculture in 1906 to be mounted. The 
Indians got it for him. ... They are very large, 
much larger than the plains buffalo. ... The skin 


of the buffalo that the witness procured for the de- 
partment was a tremendous size.’ ” 

In commenting on the wood bison after his trip to 
their haunts west of Fort Smith, in 1907, Seton 
(1927 :3:714) phrases the occasion as “meeting with 
this forest giant’’; it is clear that he was struck with 
the great size of these animals. In this connection 
there is also some testimony from MacFarlane (1905: 
691) who lived for fifteen years on the border of the 
wood bison range at Fort Chipewyan: “Having seen 
the skins of numerous prairie buffalo many years 
ago, and those of several of the woodland variety, I 
think the only marked difference I noticed was that 
the outer hair of the latter is darker in color, and the 
inner is of a finer, thicker, and probably warmer 
texture than that of the former. . . .” 

In 1909, Radford visited the wood bison range to 
study their habits and secure specimens. He was suc- 
cessful in obtaining a magnificent bull, considered to 
be the largest bison ever taken for scientific purposes. 
Commenting on this, Garretson (1923:31) says: 
“The only mounted specimen of the Wood Bison in 
existence where weight and measurements were taken 
at the time it was killed, is the bull killed by Harry 
V. Radford west of Slave River, between Fort Smith 
and the Peace River, December 1, 1909.” The weight 
and principal measurements, as given by Radford, 
are as follows: Total weight, 2,402 Ibs.; height at 
shoulder, 5 ft. 10 ins.; height at rump, 5 ft. 4 ins.; 
girth behind foreleg, 9 ft. 9 ins.; length of head and 
body 9 ft. 7 ins.; length of tail vertebrae, 1 ft. 
(1.e.:31). In his field report Radford (1911:8) re- 
marks: “There are some rather well marked differ- 
ences between the Wood Bison and the typical Plains 
Bison in appearance, habits, ete. ... The Wood 
Bison is superior in size to the Plains Bison. The 
difference in bulk is considerable; I should say that 
the former is fully 15 to 20 per cent heavier, on an 
average, than the latter; this average being maintained 
in animals of both sexes and of all ages.” 

Commenting on the above specimen. now mounted, 
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Seton (1927:3:707) writes: “I visited the Calgary 
Museum, and examined the Radford bull. It is about 
6 feet at the withers, has no mane, no beard, or 
‘chaps.’ But the hair all over the body is long and 
eurly. It has immense horns, long and curved, is of 
enormous bulk, evidently larger than any Plains Buf- 
falo, and much like an Auroehs. . . .” 

Following an inspection trip to the wood bison ter- 
ritory Graham (1923:8) made a few comparative re- 
marks in his report regarding athabascae. He said 
that they are larger, darker and handsomer animals 
than the plains variety, but expressed his opinion 
that whatever difference there was between them was 
“largely owing to environment.” Seibert (1925 :204), 
a keen observer of the same administration, wrote the 
following after spending the whole summer of 1922 
on the wood bison range: “The name ‘wood buffalo’ 
leads the observer to expect a type of animal some- 
what different from the plains buffalo. Nevertheless 
they have the same conformation, the wood buffalo, 
however, being larger and darker. They are without 
doubt superior in size, weight and stamina to any 
other herds now existing. These differences may be 
accounted for by the fact that they have always been 
wild, and also because of the shelter and good feeding 
conditions within their range.” 

Sufficient evidence had now accumulated to induce 
leading authorities to list the northern bison as of at 
least unquestionable subspecifie distinction. In this, 
Rhoads’ (1897 :492-502) determination was particu- 
larly influential, which was further supported by the 
peculiarities of the Radford specimen of 1909. Thus, 
in Miller’s exhaustive work of 1924 (p. 494) Rhoads 
is followed in giving subspecifie rank (under the ver- 
nacular of “Woodland Bison”), and Anthony (1928: 
539) does likewise. 

In the ensuing years several parties went to Wood 
Buffalo Park to gather specimens and further study 
the characteristics of the northern animal. The earli- 
est of these at this period was that led by Rowan 
(1929 :358-60), in the fall of 1925, from the Univer- 
sity of Alberta. Though the full results of this in- 
quiry have not been published, the series of skins and 
skeletons taken substantiate the earlier conclusions 
reached on the basis of the meagre material available. 

This was followed, in 1927, by the Anderson (1929: 
17-19)-Hadwen expedition, National Museum of Can- 
ada. Success also attended its efforts when the skins 
and skeletons of two bulls were secured. These meas- 
ured: Nose to tip of tail vertebrae, 11.21-12.20 ft.; 
tail, 1.45-1.50 ft.; hind foot from hoek to end of hoof, 
2.23-2.12 ft.; depth of chest, 3.60-3.88 ft.; height at 
shoulder, 5.65-5.70 ft.; width of fore feet, 4.2-5.0 
inches. Estimated weight of these animals was about 
2,000 and 2,200 pounds, respectively (letter, Feb. 5, 
1936). 

In 1934-35, the Snyder-Canadian expedition trav- 
elled to Wood Buffalo Park on a successful search 
for typical specimens of wood bison for both the 
American Museum of Natural History, and the Na- 
tional Museum of Canada. Publishing a short ac- 
evunt after the hunt, Goodwin (1935:156-64) re- 
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marks on athabascae as follows: “The exact relation- 
ship of this race of animals has been under dispute. 
Most authorities regard it as a valid species, distinct 
from the more familiar plains bison, from which it 
is segregated by natural boundaries in the form of 
gigantie rivers, lakes, and huge areas of almost im- 
passable muskeg. Some zoologists believe, indeed, 
that the wood buffalo is more closely related to the 
European bison than to the typical American variety.” ’ 


RANGE 

With the state of our knowledge it is impossible to 
accurately delimit the original range of the wood 
bison. In historie times the northern limit is fairly 
well known, but that for the south remains uncertain. 
It may be proposed, however, that the early southern 
extremity of the wood bison range roughly coincided 
with the absolute northern limit of the typical eam- 
pestrian fauna of central Alberta and Saskatchewan. 

The logical premise in recognition of the wood 
bison as a distinet race, naturally leads to its recog- 
nition also as a boreal entity of woodland habitat, in 
contradistinetion to the plains animal of radically 
more southern distribution in a pure plains and 
prairie environment. The southern boundary line 
would therefore appear to lie somewhat near, or a 
short distance to the north of, the merging of north- 
ern prairie-parklands, and dense mixed forest of the 
Canadian Zone. Owing to configuration of topog- 
raphy, large areas of muskeg, ete., the southern line 
is certain to have been very irregular. 

Several propositions enter, in addition, to hinder a 
clean-cut definition. In the limited dispersal of bison 
in central Saskatchewan, north of the aspen grove 
belt, were the animals of the plains or woodland 
type? Evidently there was a more or less oceupied 
belt in the coniferous forest zone from north and 
northeast of Prince Albert to Clearwater River. 
Something of this must have been in Rhoads’ mind 
when he said of the habitat of the wood bison that 
it extended “. . . formerly from the east slope of the 
Rocky Mountains to the 95th meridian, and from 
latitude 63° to latitude 55°. . . .” By inference, how- 
ever, this included too much territory in the north- 
east, and presumably not enough in the southeast. 

It is doubted by some that wood bison oceurred 
south of the Clearwater, but this is hardly tenable 
in view of available evidenee. Early explorers saw 
numerous signs on both sides of the river. As is well 
known, streams of any size afforded no serious ob- 
stacle to the movements of these animals. In regard 
to Richardson’s statements, moreover, MacFarlane 
(1905 :691) points out that wood bison were met 
with, around 1800, “on the east side of the Athabaska, 
below and above Fort MeMurray.” Significant, too, 
is the fact that Peter Pond Lake, south of Methye 
Portage, is‘shown on earlier maps as “Buffalo Lake.” 
Mair (1908 :144) met an old Indian woman at Calling 
Creek in 1899, who said she remembered the buffalo 
as plentiful at Calling Lake in the early days; this 
is about 125 miles southwest of MeMurray and the 
Clearwater, and the animals were presumably wood 
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bison. Seton (1927 :3:669) says that, in 1888, Macoun 
saw the meat of eight buffalo bulls that were killed 
between Methye Portage and Lac la Biche—the last 
ever seen there. Racial identity was never established 
for the buffalo of this quarter, but it is hardly eon- 
ceivable that typical plains animals would habitually 
resort to this boreal land of forest, meadow, and 
muskeg. 

Again, what was the character of the bison that 
roamed the isolated open and semi-open prairie 
along and north of the upper Peace, at Grande 
Prairie, Spirit River, and Pouce Coupe? Because of 
the wide separation from the continuous plains to the 
south, one would normally suspect that they were of 
the woodland type. Intervening is about a 200-mile 
belt of heavy northern and Cordilleran forest, which 
ostensibly would act as a natural barrier to the true 
plains animal. It is not necessary to postulate plains 
bison for the great prairies of this region merely 
because of the open character of the country, for 
bison habitually resorted to plains and prairies, east 
and north, in a range indisputably that of athabascae 
alone. 

On the other hand, Seton (1886:114-17) quotes 
Mignault to the effect that at least some of the ani- 
mals along the Peace were plains bison, realizing, 
nevertheless, that immediately adjacent forested coun- 
try was occupied by wood bison. The inference is 
that the two races existed side by side, and that they 
did not intermingle. To the writer this concept ap- 
pears inconsistent. The whole question is rather com- 
plicated, however, as the wood bison resorted as 
naturally and readily to open prairies, within its 
known range, as the plains bison could ever normally 
be expected, in turn, to take to the woods. 

It may be held by a few students that there was 
an intrusion of plains bison in a relatively narrow 
sector from the Edmonton-Athabaska district north- 
westward to Peace River. But if so, we are then 
foreed to attribute to them here some of the very 
characteristics by which the wood bison, in general 
habit and trait, have long been identified. If the 
theory of this intrusion is accepted (which is not per- 
sonally supported) it cannot, therefore, be postulated 
that the wood bison range; as earlier suggested, con- 
sistently met the northern limit of the campestrian 
fauna, of which the plains buffale is normally a com- 
ponent. There can be no doubt, however, that the 
wood bison inhabited the heavily forested triangle 
between the lower Athabaska and Peace rivers, and 
from there north and northwest to Great Slave Lake 
and Liard River. 

In 1914, and earlier, were reports (among them 
Seton’s 1927:3:712) that the bison, in territory be- 
tween the lower Peace and Nyarling rivers, were 
divided into two distinct herds—the northern one 
being true athabascae and the southern, or Peace 
River, herd being intergrades between these and the 
plains bison. It is diffieult to imagine how this con- 
ception originated, as there appears to be nothing to 
support it. Typieal wood bison positively ranged to 
Peace River, and everything goes to uphold the be- 
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lief that the race also spread over the densely wooded 
highlands of Bireh Mountain and Thickwood Hills. 
At this juncture we may fall back on some of the 
interesting early evidence. Hearne (1795 :250-54), as 
already noted in the historieal sketch, was the first 
to reach the range of the wood bison. South of Great 
Slave Lake and east of Slave River the animals were 
numerous and continued so until he reached a point 
near the longitude of the eastern end of Great Slave 
Lake. When in 1789, Mackenzie (1801:24-25) ex- 
plored the great river now named for him, the natives 
told him that buffaloes abounded on the plains north- 
east of the expansion now known as Mills Lake, and 
bordering Horn River. On his return later in the 
season, numbers were seen and one killed near the 
same place. While conducting explorations along 
Peace River in the summer of 1793, Mackenzie ob- 
served numerous herds of bison on the plains near 
Vermilion Falls and likewise reported them common 
at the mouth of “Sinew” River—a tributary of the 
Peace not far east of the Rockies. 

In 1808 and 1810 Harmon (1820:174:187) re- 
ported an abundance of buffalo on both sides of Peace 
River from Vermilion Falls to within a short dis- 
tance of the Rocky Mountains. On Franklin’s (1823: 
192-97) first journey north to the polar sea in 1820, 
the party came upon signs of bison herds on the 
lower Athabaska, not far above the delta, and killed 
one animal at Salt River while returning from a side 
trip to the salt springs. 

In 1829, Richardson (1829:279) stated that in 
earlier times. Great Slave Lake was the northern 
boundary of the bison range, but that “of late years, 
according to the testimony of the natives, they have 
taken possession of the flat limestone district of Slave 
Point, on the north side of that lake, and have wan- 
dered to the vicinity of Great Marten Lake, in lati- 
tude 63° or 64°.” With reference to Richardson’s 
comment on bison at Slave Point, Preble (1908 :145) 
is undoubtedly correct in his assumption that, “Sinee 
Mackenzie had found them on the north side of the 
Mackenzie River near the Horn Mountains many 
years before this, it is probable the animals reached 
Slave Point and Marten Lake from that direction.” 
A crossing would be readily achieved even from the 
south side of the Mackenzie by groups either from 
the valleys of Hay or Liard rivers, as the bison is a 
good swimmer and readily enters the water of its own 
volition. There is no evidence, whatever, that the 
animals derived from an eastward direction over 
Pre-Cambrian terrain. Preble (l.c.:149) also remarks 
upon finding in a journal of the Hudson’s Bay Com- 
pany at Fort Simpson “mention of two buffalo bulls 
killed April 29, 1831, near the mouth of Martin 
River, a small stream which enters the Mackenzie 
from the west 8 miles below Fort Simpson.” 

Nearly all travellers at this, and later periods, make 
some reference to the presence of buffalo in the val- 
ley of Slave River. In his narrative of Back’s expe- 
dition, King (1836:115) draws attention to them 
here in 1833. Likewise Simpson (1843:60-61) in 
1837, who, in addition, points out the existence of 
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herds on the salt plains west of Fort Smith and 
along the Clearwater River. Richardson (1851:127) 
was informed, during the summer of 1848, that bison 
in great numbers resorted to Birch Mountain west of 
the lower Athabaska. Preble (1908 :145-46) refers to 
the instance of two travellers on their way to the 
Yukon who saw numerous bones and trails of buffalo 
while portaging from Peace to Hay rivers in the 
summer of 1871. The crossing was made in about 
longitude 118°. 

Dawson (1881:54B), while exploring in the Grande 
Prairie district north of the Smoky River in the sum- 
mer of 1879, saw numerous old signs; the Indians 
said the animals had been exterminated here many 
years previously. During the same season, natives 
reported seeing a small band of buffaloes on a prairie 
at Pouce Coupe, probably 50 or 60 miles farther to 
the northwest. During the next few years there are 
many reports of their occurrence in small bands seat- 
tered over a wide area. 

From information obtained in 1888, Ogilvie 
(1890:91) presents a good general account of the 
northern bison and their distribution at that time; 
this clearly shows a great reduction in numbers as 
compared with earlier periods and the inevitable 
shrinkage of range following hard upon the advance 
of settlement. Based on further knowledge secured 
in 1891, he says (1893:39): “The haunt of the wood 
buffalo lies north and west of the Athabasca River, 
across the Peace to the Liard River, and at Fort 
Liard it was reported that two of them had crossed 
the Liard and had been seen in the mountains to the 
northwest of the Fort.” 

Following his travels in 1894, Russell says (1898: 
232) that many buffalo skulls had been seen on the 
prairies which lie within fifty miles of Providence, 
northwest of the western end of the Great Slave 
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Lake. He also remarked that “Blackhead, an old 
Yellow Knife chief, living at the mouth of the 
Riviere au Jean, told me that he had killed ‘plenty 
of buffaloes’ in the delta of Slave River. About fif- 
teen years ago a few were killed near Liard, but they 
are seldom seen in that quarter.” It is interesting to 
note in this connection that, in 1911, Radford 
(1911:3-4) collected a wood bison skull which he 
“found to the north of Great Slave Lake, on the - 
Indian winter trail between Forts Providence and 
Rae—doubtless the most northern point from which 
even a fragmentary specimen of B. b. athabascae has 
been collected.” 

Rhoads (1897 :497-98) published a letter from Mr. 
H. I. Moberly, Hudson’s Bay Company, dated Nov. 
9, 1897, in which he said that the northern bison 
formerly ranged “from the beginning of the wooded 
country north of the Saskatchewan to Great Slave 
Lake, and further north along the east slope of the 
Rocky Mountains.” At this time there was said to 
be two bands—one between the lower Peace and Great 
Slave Lake and the other between the upper Peace 
and Liard rivers. 

Especially following the late nineties, a large num- 
ber of references to bison are available in addition 
to those cited. These, however, now apparently refer 
entirely to small herds living in the region bounded 
by Caribou Mountain, Peace and Slave rivers, and 
Great Slave Lake. The inclusion of these adds noth- 
ing to a knowledge of the limits.of the range as it 
existed at the beginning of historic times. By about 
1900, distribution had so far shrunken that it appears 
likely that the only bison then existing were re- 
stricted to a part of the territory now embraced by 
Wood Buffalo Park. 

It is not clear when the animals which inhabited 
the upper Hay River region in 1897, as mentioned 





Fig, 3. Two bison bulls on a small prairie near Salt River, 15 miles southwest of Fort Smith, Northwest Ter- 


ritories. March, 1933. 
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by Moberly, were finally exterminated, but this must 
have occurred soon after. Except for the latter ref- 
erence, there appears to have been no definite indi- 
cation of them in the Liard River Valley after 1897. 
The latter is based on Russell’s statement. ‘In 1897, 
Jarvis (1897 :158-69) heard rumors of their existence 
still in that quarter, which gives support to Moberly’s 
statement of the same year. Aside from a possible 
stray far northwest, Jarvis now describes the range 
as restricted to the country immediately west of 
Slave River. Just the year previous (1896), he 
states that the last of the buffalo had been killed in 
the Bireh Mountain territory. For the past 35 to 
40 years then, the bison’s northern range has been 
substantially the same as we know it at the present 
time. 

As a minimum proposition, based on records and 
reasonable probability, it may be advanced that the 
wood bison occupied a primitive range tentatively 
bounded by the following lines: From about Peter 
Pond Lake westward across the Athabaska, past the 
headwaters of the Wabiskaw, thence to the Peace and 
west and northwest to the Cordilleran forest at the 
eastern base of the Rocky Mountains. The western 
limit apparently followed the foothills north to the 
valley of the Liard. From here, and the adjacent 
Mackenzie Valley, the line then ran to Horn Moun- 
tain, acutely north to Lae la Marte, and southwest to 
the lower portion of the North Arm of Great Slave 
Lake. Beginning south of, and near the eastern ex- 
tremity of this lake, it then evidently followed rather 
closely the 500-750-foot lowland contour line east- 
ward of Slave River to the west end of Athabaska 
Lake, then irregularly south, and southeast to the 
Clearwater, and Peter Pond Lake. Lack of finely 
deseriminating early studies renders determination of 
the perimeter of the range very uncertain at most 
points. Based on the far northern records—unques- 
tionably of wood bison—the limits in that direction 
are known with fair accuracy. Elsewhere they are 
obseure. 

From the foregoing conelusions, based on cited and 
other evidence, the outer limits of the wood bison 
range, in early times, would appear to enclose an 
area of about 180,000 square miles. The area of ac- 
tual occupation within this is unknown; distribution 
is bound to have been erratic, owing to unsuitable 
country; this would apply either to impoverished 
terrain at higher elevations, such as Caribou Moun- 
tain and other plateaus of comparable character, or 
to great muskeg areas, of which there are many 
throughout. If the writer’s early proposition were 
to be accepted as to the probable southern limit of 
the range near the lower edge of the Canadian Zone 
(observing as support a parallel conception as evi- 
deneed in Moberly’s statement that “they lived for- 
merly from the beginning of the wooded country 
north of the Saskatchewan to Great Slave Lake” etc.), 
then the area, as given above, would be materially 
inecreased—that is, to a total of approximately 215,000 
square miles. As earlier mentioned, by 1900 atha- 
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bascae was reduced to a comparatively small range 
(in country embraced by the present reserve) which 
did not exceed an area of about 3,500 square miles. 
Of late years this has been substantially extended. 
It may be of interest, in passing, to note that the 
wood bison has been commemorated in various parts 
of its old and present range by the naming of many 
geographical features in regard to it. Thus, we have 
the recent Wood Buffalo Park, and within its bound- 
aries Buffalo Lake, Buffalo and Little Buffalo riv- 
ers, and Buffalo Landing. On the southwest shore of 
Lake Claire is a long, low neck of land known loeally 
as Buffalo Point. Southwest of Thickwood Hills is 
the Wood Buffalo River, a tributary of the Wabiskaw. 
South of Vermilion, Peace River, are the Buffalo 
Head Hills, and in close association, Bison Lake, and 
a Buffalo River which flows westwardly from the 
hills to discharge into Peace River. 


RELATIVE ABUNDANCE 

Our first knowledge of the wood bison and its num- 
bers dates back to 1772. In that year, as previously 
pointed out, Hearne (1795:250) was the first white 
man to see these animals when he described them as 
“very plentiful” in the country bounding lower Slave 
River; there can be no question that Hearne stum- 
bled at once upon one of the early centers of abun- 
dance. Mackenzie’s (1801:24-25) information from 
the Indians in 1789, also shows that bison were rea- 
sonably numerous in the country from Mackenzie 
River to Horn River and Mountain. 

Careful appraisal of earliest data, also taking into 
consideration the factor of range extremity, would 
lead one to suspect that appreciably smaller numbers 
existed in the more northern grounds than farther 
south. This would doubtless apply to all the upper 
fringe of distribution from the North Arm of Great 
Slave Lake to Liard River. In fact, it is a general 
prineiple of geographie distribution that density of 
inhabitants gradually deereases to a minimum at the 
ultimate limit of territorial occupation. Likewise, on 
these grounds, we may properly assume that bison 
progressively increased in numbers southward from 
the northern limits, past the headwaters of Nelson 
and Hay rivers and Peace River, to the center of 
the range. There is much of interest regarding early 
conditions which will never be known. However, the 
statements of Mackenzie (1801) for 1792-93, Harmon 
(1820) for 1808, and Simpson (1843) for 1828, leave 
no doubt as to the great abundance of bison along 
the Peace from about Vermilion Falls to the Rocky 
Mountains, as well as in territory to the northeast. 

A comparatively early observer was MacFarlane 
(1905 :690-91) who wrote: “This variety of the 
American bison was fairly numerous when I first 
went north to Mackenzie River, in 1853, but it has 
since gradually diminished in numbers in the Atha- 
basea_ district.... When Thomas Simpson... 
travelled down the valley of Clearwater River, in 
January, 1837, traces of buffalo were quite abun- 
dant, but for the last forty years they have praec- 
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tically forsaken that quarter and have dwindled so 
greatly in number that only a few individuals are 
now to be met with in open spaces and patches of 
prairie in sections on the west side of the Athabasca 
River, between Fort MeMurray and the Birch Moun- 
tain, as well as in similar tracts of country from 
Point a la Paix, on the lower Peace, to the plains of 
Salt River, in latitude 60° north, which had from 
time immemorial been regularly frequented and oc- 
eupied by hordes of bison. . . .” He also points out 
that the animals were also met with, about 1800, on 
the east side of the Athabasea, both below and above 
Fort MeMurray. 





Fie. 4. Bison bulls retreating from a forage meadow 
into a burned forest area along Murdock Creek. 


As early explorations were confined mainly to the 
principal waterways, only a glimpse is afforded of 
prevailing conditions as reflected in narrow cross- 
sections of the various regions traversed. But these 
in themselves are very illuminating as showing primi- 
tive abundance. There is no reason why we should 
not assume, therefore, that athabascae was also nu- 
merous in many other sections of the interior of com- 
parable nature, which were not seen in early times. 
There are several items of information which lend 
support to this assumption. Richardson, for example, 
apparently heard on good authority, during the sum- 
mer of 1848, that bison in great numbers resorted to 
the Birch Mountain region. This was later verified 
by statements to the same effect from other sourees; 
further, that the animals were not only plentiful here 
but ranged in considerable numbers south to the 
Thieckwood Hills and westwardly to Peace River and 
Buffalo Head Hills. 

Again, there is the evidence of Mignault, as given 
by Seton (1886:114-17) in which he said that at the 
time he left Peace River in 1875 “the wood buffalo 
were plentiful in the country between Dunvegan and 
Great Slave Lake.” When he descended the Peace in 
1875, Macoun (see Schultz, 1888:148) was informed 
that bison occurred “in some abundance” along Salt 
and Hay rivers. There is also the information 
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gleaned by Dawson (1881:54B) in the summer of 
1879; while the race had been practically extermi- 
nated at this time in the grassy uplands of the 
Grande Prairie and Pouce Coupe country, there was 
ample evidence to show that some years earlier it had 
been numerous. There appears to have been no ap- 
preciable reduction in numbers anywhere in the north 
until after about 1840. In such a favorable region 
it is practically certain that at the time of Mackenzie’s ~ 
and Harmon’s passage along the Peace, all suitable 
feeding areas throughout the region supported an 
abundance of bison. 

There is reason to believe that however attractive 
the numbers of bison appeared in early years along 
the great rivers (whether at the center of the range 
or nearer its fringe) this might well have been but 
a pale reflection of actualities. In some parts, at 
least, this would be particularly true for the summer 
months, and at the very season when most observa- 
tions were made. Of all waterways most travelled 
within the range, Athabaska and Slave rivers were 
at the forefront. A case for the latter stream may 
be considered at this point. First, we have a reason- 
able right to assume that the habits of bison in rela- 
tion to this valley, and the uplands farther west, were 
similar as between early times and the present. It is 
known now that one may pass down this river, dur- 
ing the summer and early fall months, without gain- 
ing the slightest conception of the abundance of bison 
which prevails but ‘30 to 40 miles to the west. During 
winter the situation is changed, as the bison are then 
concentrated on meadows and grassy “salt plains” in 
the general vicinity of the river. 

That the seasonal habits of these animals were es- 
sentially the same in 1772, as now, is proved by the 
fact that Hearne found them plentiful along the 
Slave during his winter journey. Had Hearne made 
this trip along the Slave during summer, he could 
not in honesty have carried back the report he did— 
now well substantiated by our present knowledge of 
the seasonal distribution of bison in this region. The 
above explains why so many summer travellers never 
reported them here in similar abundance. Mackenzie 
also offers a good example; so far as his narrative 
indieates, he saw no buffalo during his voyage from 
Chipewyan north in the summer of 1789. This is 
exactly what one might expect. At this season the 
writer has traversed the Slave many times without 
seeing a single animal. 

It is tempting at this stage to venture an estimate 
of the early numbers of wood bison. Probably primi- 
tive numbers may be regarded as synonymous with 
those existing at the time of Hearne’s explorations. 
There is little to go on for a hundred years beyond 
such general statements as “very plentiful,” “abun- 
dant,” “numerous herds,” ete. However, these ac- 
counts collectively provide a desirable, though rough 
perspective, while certain more recently available in- 
formation encourages the use of figures. 

We may begin with fairly well ascertained data 
for Wood Buffalo Park. The combined overall di- 
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mensions of the winter and summer range in the re- 
serve is approximately 8,100 square miles. For one 
reason or another, but particularly because of large 
areas of muskeg, the remainder of the reserve, or 
slightly more than one half, is unoccupied. In the 
former division there were at least 10,000 head of 
bison in 1934. This is a large number; yet it is inter- 
esting to note that seattered on the summer range 
they are encountered with such comparative infre- 
quency, that even heeding sign, there is little or no 
visual proof of such abundance. A stranger to the 
real facts would gather that the animals were not 
particularly numerous. As a matter of fact, there is 
absolute proof that the population is far and away 
below the normal carrying capacity of the range. 

In view of this, it is probably justifiable to assume 
that in early times bison were present in at least 
equal numbers. Otherwise it is difficult to reeoncile 
such general statements as were used by various ex- 
plorers in expressing abundance. If we therefore 
count 10,000 bison to each 8,000 square miles, and 
halve the 180,000 square miles as the computed min- 
imum, original range to eliminate worthless ground, 
we then have a total of about 112,000 individuals. 
It will be noted that this is allowing less than one 
buffalo to the square mile, or in relation to the whole 
estimated range, one animal to each 1.6 square miles. 

Seton (1927 :3:654-56), after lengthy research, esti- 
mated that there were at least 60,000,000 buffalo to 
their total inhabited area of 3,000,000 square miles 
in North America, or about 55,000,000 in the plains 
and prairie section of the range, which amounted to 
about 2,000,000 square miles. This figures out at 
about 27 bison to the square mile. For the forested 
region of the buffalo area (1,000,000 square miles) 
Seton allowed 5,000,000 buffalo, or five to the square 
mile, which he regarded as a “relatively sparse pop- 
ulation.” If the same were taken in the present 
estimate for wood bison, even after halving the total 
area, the result would be 450,000 animals. In the 
north, buffalo were doubtless less numerous than in 
the deciduous forests east of the Mississippi, so that 
if the latter figure were again reduced 50%, to be 
on the safe side, and this averaged with the figures 
obtained from the Wood Buffalo Park data, the re- 
sult would be about 168,000 bison for the primitive 
range north of Athabaska River. 

Raup (1933:8) regarded the early center of abun- 
dance as situated in the very country now occupied 
by Wood Buffalo Park, and where the buffalo inci- 
dentally made their last stand. He says: “As to 
their relative abundance in the various parts of this 
range there is very little definite data, but judging 
from the accounts of the early travellers, they must 
have reached their greatest numbers in the region 
immediately west of Slave River, and probably also 
in the country around the northern base of the Cari- 
bou Mountains, well into the valley of Hay River.” 

This conelusion, in the writer’s opinion, is open to 
doubt, though unquestionably it was one of the heavily 
populated areas; early accounts tend to affirm this. 
It must be remembered, however, that Slave River 
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was a particularly favorable and much travelled ex- 
peditionary route and still continues the busiest 
waterway of the whole Northwest. People were thus 
brought more into contact with the animals here than 
elsewhere. Moreover, the park area was never usurped, 
as many other parts of the former bison range, by 
agricultural settlement. That the race here clung to 
the last is apparently only fortuitous, as various parts 
of the far-flung range were equally attractive. Other 
early centers of abundance appear to have been lo- 
eated in, or about, the Thickwood-Birch Mountain 
sector; the area north of Dunvegan to Watt Moun- 
tain, High Hills, and the valley of Hay River; the 
Grande Prairie and Pouce Coupe prairies; and the 
prairie-parklands along Peace River between the con- 
tour lines of 750 to 1,500 feet. 

By the year 1888, Ogilvie (1890:91) demonstrated 
an enormous reduction in range and numbers of the 
northern bison, remarking that they were “now nearly 
a thing of the past.” This went rapidly ahead dur- 
ing the ensuing years. The vast shrinkage from the 
estimated original number of 168,000 for say the year 
1800, is indicated in another report from Ogilvie 
(1893 :39) based on information gained in 1891, in 
which he said that “their numbers are very small, 
probably not exceeding 300 in all.” The notable 
point is that the bison appear to have been practically 
exterminated south of the Peace by about 1875, with 
the exception of a number in the Birch Mountain 
sector, and possibly a few in the foothills of the 
Rockies. But at this same time, as reported by Mig- 
nault (Seton 1927 :3:709) they were still plentiful be- 
tween Dunvegan and Great Slave Lake. Yet in the 
brief 16 years which followed, the decline was so 
rapid that only an estimated 300 is all that remained 
in the entire region. 

It is quite evident that the dwindle was compar- 
atively slow until sometime about 1860-65, after which 
the herds began vanishing with alarming rapidity. 
During this period many estimates were forthcoming 
in regard to the tenaciously remaining total. In 1888 
were the following: Hardisty (Schultz, 1888 :224-25), 
500-600; Christy (1888:699), 550; King, as quoted 
by Tyrrell (1888:70-71), 600; Whitney (Preble, 
1908 :147), in 1894, 150; in 1897 estimates by Jarvis 
(1897 :158) and Moberly (Rhoads, 1897:497) were 
300, and 250-300, respectively. In this same year, 
Jarvis reported that in 1896 the last of the buffaloes 
had been killed in the Birch Mountain area; evidently 
none were now left anywhere south of Peace River. 
The remaining remnant, so far as accounts go, was 
confined to an area north of the lower Peace, which 
today is embraced by Wood Buffalo Park. The limit 
of decline may be taken as for about 1896-1900, and 
the number then as approximately 250. 

In 1893, a law for the protection of the surviving 
bison was passed by the Dominion Government. En- 
forcement was apparently rather ineffective until 
after active administration was begun by the North- 
west Mounted Police under Inspector Jarvis, in the 
year 1897. Arrests were made the following year 
for the illegal killing of bison—a unique procedure 
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for the north—and now began a genuine period of 
protection; this soon reflected an increase in num- 
bers which improved steadily with the years. 

An early rebound is first suggested in a report by 
Maerae (1901:228-29) who in 1900 put the wood 
bison numbers at “from 500 to 575 head”; this was 
based almost wholly upon Indian reports. However, 
in 1907, Seton (1911:320) after several trips into 
their haunts estimated that about 300 remained; in 
an addendum he corrected the figure by saying that 
“Since this was written (1907) I learn that the 
Mounted Police have demonstrated the existence of a 
much larger number than I supposed.” In 1911, Rad- 
ford, after two years in the country, put his estimate 
at 325. Events of later years proved beyond doubt 
that with protection the buffalo had steadily increased 
from the first. 

In 1911, the police were relieved of further respon- 
sibilities in connection with the preservation of the 
bison. The work was now taken over by resident 
game guardians, under the supervision of George A. 
Mulloy, until Wood Buffalo Park was organized in 
1923. The police had laid a splendid foundation in 
insuring a steady increase, and they had also deter- 
mined the approximate boundaries of the range. 
Under their system of patrolling from 1897 until 
1911, a large amount of information was gathered 
about the last herds and their haunts, which up to 
this time were very little known. 

In tracing the early decline and subsequent recov- 
ery of the wood bison there is little to add. In 1914, 
Harper (1932:31-35) accompanied by the buffalo 
guardian Peter McCallum, spent a week on the range; 
in his report he says that “According to McCallum 
the Wood Buffaloes are divided into two main groups. 
. .. He estimated that there were about 500 animals 
in the two herds, the northern one being slightly the 
larger.” Graham (1923:10) remarks after his in- 
spection trip on the range in the summer of 1922: 
“. . . From the number of young stock seen, from 
the fact that old trails and old wallows are being 
reopened and new ones made and from other evidence 
investigated, it is evident that the wood buffalo are 
inereasing in numbers and that those in the southern 
range may be conservatively estimated at one thou- 
sand, while those in the northern may be put down 
as five hundred.” 

That the increase was now very real is demon- 
strated by the number of bison which Graham ob- 
served on the summer range—a total of 114. A 
figure this high is seldom recorded, and represents 
about 8% of the entire estimated numbers, which is 
well supported by range experience. Indications are 
that the number of scattered animals seen on the 
forest-prairie summer grounds seldom exceeds from 
7% to 10% of those present. His estimate is also 
closely proportionate, as based on observed animals 
and general sign, to those who have observed 25 to 
30 animals and estimate a total of 300 to 400. 

Based partly on the investigations of Graham 
(1923), and those of Kitto (1924) and Seibert 
(1923; 1925) in 1920-21-22, the Dominion Government, 





History, RANGE, AND HoME LIFE OF THE NORTHERN BISON 363 


at the time Wood Buffalo Park was established by 
His Exeelleney Lord Byng, Governor-General of Can- 
ada, in December 1922, regarded the indigenous 
buffalo population as between 1,500 and 2,000. 


ENVIRONMENT 


FauNAL Lire ZONE 


Wood Buffalo Park is situated within that portion 


of the transcontinental coniferous forest belt known 
to zodgeographers as the Canadian Zone. While 
everywhere dominated by evergreens, there is still a 
very substantial intermingling of deciduous trees and 
shrubbery. The most important of these are white 
birch (Betula papyrifera neoalaskana), aspen (Pop- 
ulus tremuloides), and balsam poplar (P._ tacama- 
hacca), as indeed they are the only deciduous trees 
found throughout the territory. By some botanists 
the entire wooded tract, from the lower margin of 
the Canadian Zone to the tree limit, is treated as a 
separate subdivision under the name of Sub-Arctie 
Forest Zone. 

The boreal associations set up in the park latitude 
are everywhere highly characteristic. These naturally 
become progressively more pronounced northward to 
the upper edge of the Canadian, and through the 
Hudsonian Zones, to the Aretie plains. Conditions 
typifying large areas of the bison range may be said 
to represent a zonal position about midway between 
the tree limit and’ the northern bounds of effective 
agriculture. The zodgeographie position of the park 
may be viewed in a clearer light if expressed in 
relation to the Temperate Region. The north line 
of this major division is taken as the limit of trees 
and the south line as the limit of frost; accordingly, 
the park then lies southwest of the former 270, and 
north of the latter about 2,400 miles. The nearest 
approach of pure Transition Zone conditions (with 
its intensive agriculture and the densest human pop- 
ulation in Western Canada) lies in about latitude 54 
degrees, or approximately 290 miles distant to the 
south. At varying distances east, west and north 
lies the colder Hudsonian Zone. This element may 
be found (at least in modified form) to prevail on 
Caribou Mountain Plateau, in which event it will 
then be represented within the boundaries of the 
park; a dilute intrusion is found along the eastern 
margin of the Tazin Highlands faunal area (Harper, 
1931:21) about 80 miles to the northeast of the park 
boundary at Slave River. 

In view of these cireumstances, the Canadian Zone 
has an unexpected northwest extension beyond the 
park boundary, in direct relationship to the north- 
west-southeast strike of the Mackenzie Basin. This 
is induced by climatic conditions derived largely from 
the Pacific. Thus, despite the acute northward trend, 
components of this zone consistently prevail in a nar- 
rowing intrusion along the Mackenzie River Valley 
(flanked by the Hudsonian) to about the 65th parallel 
of latitude. In places outriders persist farther north. 
It is known that certain species of waterfowl, for 
example, which breed regularly in the Transition 
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and lower Canadian zones, continue here to beyond 
the Aretie Cirele (66° 33’) and even to the marshy 
delta of the Mackenzie in 68° N. 

Over the park territory there are few notable 
peculiarities in relation to the zone, as conditions are 
fairly uniform throughout. This is to be expected in 
a region of little topographic relief, which tends to 
preserve essentially similar ecological conditions over 
the greater part of the area. It is far enough north 
to escape increments from the great southern plains, 
yet not far enough north to be much influenced by the 
Hudsonian. Increase in latitude is appreciably offset 
by a decrease in altitude from the base of Birch 
Mountain to Great Slave Lake. There apparently 
remains, however, a mean, annual lower temperature 
of about three degrees as between these two extremes. 

Though fundamentally Canadian in aspect and in- 
ward essentials, there are, nevertheless (in addition 
to Caribou Mountain), many minor suggestions of a 
subtle approach to the Hudsonian Zone. Among 
such manifestations are the eold, mossy bogs, with 
sparsely distributed, impoverished shrubs and trees. 
Even more pronounced are the depressed conditions 
encountered among the Pre-Cambrian rock hills about 
the west end of Athabaska Lake, and northward, east 
of Slave River. Many of these situations could be 
transplanted hundreds of miles north and not appear 
out of place. 

The tendency is also observable in a close study of 
the distribution of animal life. Though little mani- 
fested in the mammals, it is still present in a measure- 
able degree. While the great majority of the 46 
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Bison herd travelling over a wind-swept muskeg in the vicinity of Lake Seven. 
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forms (Soper, 1937:94) known in park and vicinity 
are typically Canadian (such as moose, lynx, marten, 
varying hare, water shrew, red-backed and chestnut- 
checked voles, members of the genera Synaptomys, 
Phenacomys, ete.), the area, nevertheless, is the re- 
eipient of normally more northern forms. Sueh is 
seen, for example, in the MacFarlane varying hare 
(Lepus americanus macfarlani), which oceurs in the 
northern area of the park, as well as the Hudson 
Bay wolverine (Gulo luscus). Further, both the 
Aretie white fox (Alopex lagopus innuitus) and bar- 
ren-ground earibou (Rangifer arcticus arcticus) roam 
casually southward into the northeastern edge of the 
park, during the annual winter migrations. A certain 
pereentage of mammal species common to the bison 
range also occur regularly in the Transition Zone. 
Birds offer a further interesting sidelight on the 
zonal values of the region. In an analysis of the 
217 species (l.c.:94) detected in the park area, the 
great majority are found to be breeding represent- 
atives of Canadian, Canadian-Hudsonian, Transition- 
Canadian, and those also having a continuous breed- 
ing range from the Austral to Canadian zones. All 
these classes, except Canadian-Hudsonian, naturally 
reach their northern reproductive limit in the faunal 
zone characteristic of Wood Buffalo Park. Forms 
typifying the above zones, on the whole, comprise the 
summer breeding population of the park, and em- 
brace 58.0% of all birds known to occur. 
Only 16 species, or 7.4% of the whole, are ex- 
elusively “typical” of the Canadian Zone, which from 
a purely biotic viewpoint, illustrates well not only 
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the regular overlapping which prevails along the 
margins of the faunal divisions, but also the wide 
breeding distribution of some species embracing two 
or more zones. As would be expected from cireum- 
stances governing distribution, Transition-Canadian 
species predominate with 42 (19.5%) members; 
Austral-Canadian being next with 34 species (15.8%) ; 
and the Canadian-Hudsonian following with 33 forms 
(15.3%). Such typically Hudsonian Zone species as 
fox and Gambel’s sparrows, bohemian waxwing, and 
evening grosbeak are known to breed in the park dis- 
trict, or occur there at the height of summer. An 
outstanding feature is the number of species woven 
into the avifauna of these latitudes which are as freely 
associated in memory with a purely Transition Zone 
environment. Hudsonian, Hudsonian-Aretic, and Are- 
tie species are, of course, abundant migrants, spring 
or fall, or both, through the area under review. The 
foregoing will afford some insight into the biological 
character of the wild hinterland inhabited by the 
northern bison. 


TOPOGRAPHIC CHARACTER OF THE RANGE 


The bison territory lies well within the great Mac- 
kenzie Basin. This basin from its southern extremity 
at the height of land between the Saskatchewan- 
Mackenzie drainage systems extends in a northwest- 
erly direction for a distance of about 1,350 miles; 
the width varies from 100 miles at the mouth of 
Mackenzie River to about 900 miles in the broadest 
portions to the south. Contained within its bound- 
aries are three main physiographic provinces which 
substantially parallel each other throughout. These 
comprise the Laurentian Plateau on the east, the Cor- 
dilleran region on the west, with between them a 
wide and comparatively level, forested plain; the 
latter, from the southern height of land to the Aretic 
Ocean drops altitude at the rate of about two feet 
to the mile. The major drainage lines are provided 
by Athabaska, Peace, Slave, Liard, and Mackenzie 
rivers. 

Wood Buffalo Park is wholly contained in this 
basin (Soper, 1939). In relation to the latter’s dimen- 
sions, the park is nearly midway of its width, and 
about one third the length removed from the southern 
fringe. But in respect to the central plain, the re- 
serve abuts directly upon its eastern border at Slave 
River, with the Laurentian Highlands immediately to 
the east. Likewise, it also oceupies a part of the 
northeastern sector of another topographic division 
(of the central plain) known as the Alberta Plateau; 
this embraces practically the whole region south and 
southwest of Great Slave Lake. In some respects it 
may be regarded as corresponding to the second and 
third steppes of the southern plains (Camsell and 
Maleolm, 1921). 

From the otherwise relatively flat expanse of Al- 
berta Plateau tower several tablelands varying in 
height and degree of isolation to provide imposing 
relief. A small part of two of these—Birch and 
Caribou mountains—barely come within the bound- 
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aries of the park. The latter is further characterized 
by three additional, though minor plains of elevation, 
which comprise the greater part of the area. These 
will be taken up successively from the high table- 
lands, to the lake and river lowlands, where the dif- 
ference in altitude attains an extreme of about 2,800 
to 2,900 feet. 

Caribou Mountain—This, and Birch Mountain, con- . 
stitute the highest points of relief in the park region. 
Both are erosion plateaus of ecretaceous rock which 
dominate a large part of the southern and western 
park boundaries; they represent the fourth plane of 
elevation in respect to the total topography of the 
district. The former lies entirely south of the 60th 
parallel of latitude, to reach the vicinity of Peace 
River, with maximum elevations of about 3,400-3,500 
feet above sea-level. The broad valley of the latter 
stream separates the two mountain masses. 

There is little detailed knowledge of Caribou Moun- 
tain, as thorough exploration of the area has never 
been undertaken. It is known, however, to be gen- 
erally rolling with a stunted forest of black spruce 
(Picea mariana), lodgepole pine (Pinus contorta), 
and shrubbery, interspersed with numerous lakes and 
mossy muskegs, drained by many rapid streams. The 
plateau in part is flat, elsewhere gently rolling, with 
oceasional prominent hills. The margin, at intervals, 
is deeply stream-trenched into spectacular coulees by 
turbulent tributaries of Jackfish and Buffalo rivers. 
In general, the lower slopes are heavily wooded, here 
and there interrupted by patches of open country; 
near the base, at least, these partly consist of grassy 
prairies. Judging from the depressed condition of 
the forest cover described for the higher levels, there 
is probably a very close approach to the Hudsonian 
Zone. At least it is to be expected in this latitude 
with the superior elevation of over 2,000 feet above 
the lower plain. There appears to be no evidence 
that the bison in historie times, at least, ever resorted 
to this plateau, though they inhabited the prairie 
benches along the base of the high southern and 
eastern escarpments. 

Birch Mountain—Part of the northern slope of this 
plateau barely enters the lower end of the park south 
of Peace River and Lake Claire. It rises here with a 
comparatively acute grade to a maximum height of 
about 2,300 feet above sea-level, or roughly 1,600 feet 
above Lake Claire and adjoining alluvial lowlands. 
The north-facing slope is nearly everywhere intricately 
and deeply ravined by numerous swift flowing streams 
chiefly tributary to Birch River. Hay meadows abound 
along the lower slopes*te provide quantities of excel- 
lent feed. The plateau proper is gently undulating, 
or nearly flat. Heavy forest is almost universal, 
conifers predominating. There is considerable diver- 
sification in the presence of numerous ponds and 
muskegs and low, rambling ridges of morainie mate- 
rials. As it is somewhat farther south and about 
1,200 feet lower than Caribou Mountain, environ- 
mental conditions are not so depressed. It is antie- 
ipated that Canadian Zone characteristies—possibly 
somewhat modified—predominate throughout.. In 
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and lower Canadian zones, continue here to beyond 
the Aretie Cirele (66° 33’) and even to the marshy 
delta of the Mackenzie in 68° N. 

Over the park territory there are few notable 
peculiarities in relation to the zone, as conditions are 
fairly uniform throughout. This is to be expected in 
a region of little topographic relief, which tends to 
preserve essentially similar ecological conditions over 
the greater part of the area. It is far enough north 
to escape increments from the great southern plains, 
yet not far enough north to be much influenced by the 
Hudsonian. Increase in latitude is appreciably offset 
by a decrease in altitude from the base of Birch 
Mountain to Great Slave Lake. There apparently 
remains, however, a mean, annual lower temperature 
of about three degrees as between these two extremes. 

Though fundamentally Canadian in aspect and in- 
ward essentials, there are, nevertheless (in addition 
to Caribou Mountain), many minor suggestions of a 
subtle approach to the Hudsonian Zone. Among 
such manifestations are the cold, mossy bogs, with 
sparsely distributed, impoverished shrubs and trees. 
Even more pronounced are the depressed conditions 
encountered among the Pre-Cambrian rock hills about 
the west end of Athabaska Lake, and northward, east 
of Slave River. Many of these situations could be 
transplanted hundreds of miles north and not appear 
out of place. 

The tendeney is also observable in a close study of 
the distribution of animal life. Though little mani- 
fested in the mammals, it is still present in a measure- 
able degree. While the great majority of the 46 
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forms (Soper, 1937 :94) known in park and vieinity 
are typically Canadian (such as moose, lynx, marten, 
varying hare, water shrew, red-backed and chestnut- 
checked voles, members of the genera Synaptomys, 
Phenacomys, ete.), the area, nevertheless, is the re- 
cipient of normally more northern forms. Such is 
seen, for example, in the MacFarlane varying hare 
(Lepus americanus macfarlani), which oceurs in the 
northern area of the park, as well as the Hudson 
Bay wolverine (Gulo luscus). Further, both the 
Aretie white fox (Alopex lagopus innuitus) and bar- 
ren-ground caribou (Rangifer arcticus arcticus) roam 
casually southward into the northeastern edge of the 
park, during the annual winter migrations. <A certain 
percentage of mammal species common to the bison 
range also oceur regularly in the Transition Zone. 
Birds offer a further interesting sidelight on the 
zonal values of the region. In an analysis of the 
217 species (l.c.:94) detected in the park area, the 
great majority are found to be breeding represent- 
atives of Canadian, Canadian-Hudsonian, Transition- 
Canadian, and those also having a continuous breed- 
ing range from the Austral to Canadian zones. All 
these classes, except Canadian-Hudsonian, naturally 
reach their northern reproductive limit in the faunal 
zone characteristic of Wood Buffalo Park. Forms 
typifying the above zones, on the whole, comprise the 
summer breeding population of the park, and em- 
brace 58.0% of all birds known to occur. 
Only 16 species, or 7.4% of the whole, are ex- 
clusively “typical” of the Canadian Zone, which from 
a purely biotie viewpoint, illustrates well not only 
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the regular overlapping which prevails along the 
margins of the faunal divisions, but also the wide 
breeding distribution of some species embracing two 
or more zones. As would be expected from cireum- 
stanees governing distribution, Transition-Canadian 
species predominate with 42 (19.5%) members; 
Austral-Canadian being next with 34 species (15.8%) ; 
and the Canadian-Hudsonian following with 33 forms 
(15.3%). Such typically Hudsonian Zone species as 
fox and Gambel’s sparrows, bohemian waxwing, and 
evening grosbeak are known to breed in the park dis- 
trict, or occur there at the height of summer. An 
outstanding feature is the number of species woven 
into the avifauna of these latitudes which are as freely 
associated in memory with a purely Transition Zone 
environment. Hudsonian, Hudsonian-Arctie, and Are- 
tie species are, of course, abundant migrants, spring 
or fall, or both, through the area under review. The 
foregoing will afford some insight into the biological 
character of the wild hinterland inhabited by the 
northern bison. 


TOPOGRAPHIC CHARACTER OF THE RANGE 


The bison territory lies well within the great Mac- 
kenzie Basin. This basin from its southern extremity 
at the height of land between the Saskatchewan- 
Mackenzie drainage systems extends in a northwest- 
erly direction for a distance of about 1,350 miles; 
the width varies from 100 miles at the mouth of 
Mackenzie River to about 900 miles in the broadest 
portions to the south. Contained within its bound- 
aries are three main physiographie provinces which 
substantially parallel each other throughout. These 
comprise the Laurentian Plateau on the east, the Cor- 
dilleran region on the west, with between them a 
wide and comparatively level, forested plain; the 
latter, from the southern height of land to the Aretic 
Ocean drops altitude at the rate of about two feet 
to the mile. The major drainage lines are provided 
by Athabaska, Peace, Slave, Liard, and Mackenzie 
rivers. 

Wood Buffalo Park is wholly contained in this 
basin (Soper, 1939). In relation to the latter’s dimen- 
sions, the park is nearly midway of its width, and 
about one third the length removed from the southern 
fringe. But in respect to the central plain, the re- 
serve abuts directly upon its eastern border at Slave 
River, with the Laurentian Highlands immediately to 
the east. Likewise, it also oceupies a part of the 
northeastern sector of another topographic division 
(of the central plain) known as the Alberta Plateau; 
this embraces practically the whole region south and 
southwest of Great Slave Lake. In some respects it 
may be regarded as corresponding to the second and 
third steppes of the southern plains (Camsell and 
Malcolm, 1921). 


From the otherwise relatively flat expanse of Al- 
berta Plateau tower several tablelands varying in 
height and degree of isolation to provide imposing 
relief. A small part of two of these—Birech and 
Caribou mountains—barely come within the bound- 
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aries of the park. The latter is further characterized 
by three additional, though minor plains of elevation, 
which comprise the greater part of the area. These 
will be taken up successively from the high table- 
lands, to the lake and river lowlands, where the dif- 
ference in altitude attains an extreme of about 2,800 
to 2,900 feet. 


Caribou Mountain—This, and Birch Mountain, con- _ 


stitute the highest points of relief in the park region. 
Both are erosion plateaus of cretaceous rock which 
dominate a large part of the southern and western 
park boundaries; they represent the fourth plane of 
elevation in respect to the total topography of the 
district. The former lies entirely south of the 60th 
parallel of latitude, to reach the vicinity of Peace 
River, with maximum elevations of about 3,400-3,500 
feet above sea-level. The broad valley of the latter 
stream separates the two mountain masses. 

There is little detailed knowledge of Caribou Moun- 
tain, as thorough exploration of the area has never 
been undertaken. It is known, however, to be gen- 
erally rolling with a stunted forest of black spruce 
(Picea mariana), lodgepole pine (Pinus contorta), 
and shrubbery, interspersed with numerous lakes and 
mossy muskegs, drained by many rapid streams. The 
plateau in part is flat, elsewhere gently rolling, with 
oceasional prominent hills. The margin, at intervals, 
is deeply stream-trenched into spectacular coulees by 
turbulent tributaries of Jackfish and Buffalo rivers. 
In general, the lower slopes are heavily wooded, here 
and there interrupted by patches of open country; 
near the base, at least, these partly consist of grassy 
prairies. Judging from the depressed condition of 
the forest cover described for the higher levels, there 
is probably a very close approach to the Hudsonian 
Zone. At least -it is to be expected in this latitude 
with the superior elevation of over 2,000 feet above 
the lower plain. There appears to be no evidence 
that the bison in historie times, at least, ever resorted 
to this plateau, though they inhabited the prairie 
benches along the base of the high southern and 
eastern escarpments. 

Birch Mountain—Part of the northern slope of this 
plateau barely enters the lower end of the park south 
of Peace River and Lake Claire. It rises here with a 
comparatively acute grade to a maximum height of 
about 2,300 feet above sea-level, or roughly 1,600 feet 
above Lake Claire and adjoining alluvial lowlands. 
The north-facing slope is nearly everywhere intricately 
and deeply ravined by numerous swift flowing streams 
chiefly tributary to Birch River. Hay meadows abound 
along the lower slopes*te provide quantities of exeel- 
lent feed. The plateau proper is gently undulating, 
or nearly flat. Heavy forest is almost universal, 
conifers predominating. There is considerable diver- 
sification in the presence of numerous ponds and 
muskegs and low, rambling ridges of morainie mate- 
rials. As it is somewhat farther south and about 
1,200 feet lower than Caribou Mountain, environ- 
mental conditions are not so depressed. It is antie- 
ipated that Canadian Zone characteristies—possibly 
somewhat modified—predominate throughout.. In 
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earlier times buffalo are known to have frequented 
the plateau in considerable numbers. 

Alberta Plateau—This is the great plain proper 
from which rise, at intervals, such major eminences 
as Birch, Caribou, and Horn mountains, and Clear 
and Buffalo Head hills. It is the third plane of 
elevation in the series comprising the total topography 
of the park, which it almost completely embraces. 
In general, it r:ses to elevations of between 750 and 
1,200, averaging about 950 feet. Though on the 
whole comparatively featureless, there is nearly every- 
where some slight variation as to level, slope, and 
drainage. 

Diverging from the west-central hub of drainage 
northwest of Thultue Lake, the various streams follow 
courses of varying character. Most are rapid in their 
upper parts and comparatively short, though (for 
the moment disregarding the mighty Peace, Atha- 
baska, and Slave) there are three exceptions in Buf- 
falo, Little Buffalo, and Bireh rivers. These constitute 
the important internal waterways. Others of varying 
navigability are Quatre Fourches, Revillon Coupe, 
Rocher, Salt, Jackfish, and Nyarling rivers, and Salt 
and Murdock ereeks. Such streams as Sass, Klewi, 
and Lilypad, can be ascended for only a short dis- 
tance. Most of these are sweet, but some are brack- 
ish, while others, like Salt River, are strongly saline. 
A large number of small creeks are in the same 
eategory. Only in certain sections, therefore, is the 
buffalo range well supplied with good water. 

In general, the Alberta Plateau is characterized by 
rolling, wooded uplands plentifully interspersed with 
open muskegs, impoverished swamp-forest, prairies, 
and moist, grassy plains. Extremes of diversification 
obtain in bare, sandy uplands on the one hand, and 
cold, dreary bogs on the other. True prairie type of 
ground usually oceurs only in small timber-enclosed 
patches—seldom more than a few acres—but open 
muskeg plains are frequently of great extent. In the 
words of Blanchet (1927 :6): “This plain may be best 
visualized by picturing it as a vast lake from the 
surface of which islands of all shapes and sizes rise 
to moderate elevations. The great tracts of level or 
gently undulating country represent the water of the 
lake and the areas of rolling country, largely sand 
hills, take the place of islands. The distribution of 
level and uplands varies considerably in different por- 
tions, ranging all the way from uplands with local 
areas of swamp, to swamp with scattered hills.” 

The eastern boundary of Alberta Plateau is de- 
limited by a limestone-gypsum escarpment of Paleo- 
zoie age. It is most notable in the vicinity of Salt 
and Little Buffalo rivers and is a marked topographic 
factor leading to seasonal distribution of the bison. 
North of the Salt River loop in latitude 59° 45’, rocky 
slopes and eliffs rise from insignificant ramps in the 
south to more than 200 feet farther north. The high- 
est section occurs westwardly from Fitzgerald and 
Fort Smith, with declining, though distinctive ex- 
posures, north to at least Sass River. At this esearp- 
ment west of Fort Smith is a series of three falls on 
the Little Buffalo River—the highest being 40 feet. 
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Southwest of Fitzgerald the searp lies inside the Salt 
River loop with a height of only 20-25 feet; here it 
appears chiefly in the guise of one or more low 
benches completely overgrown with vegetation. South 
of this to Peace River the margin is everywhere ob- 
seured by varying superimposed depths of glacial 
drift. It is next clearly discernible at the latter 
stream, where a low limestone outcrop appears six 
miles east of Peace Point, burdened with a mantle of - 
loose materials of considerable depth. Westward 
along the stream are the notable gypsum cliffs with 
heights up to 100 feet. 

Extensive areas of the plain are entirely feature- 
less. Such relief as obtains is practically confined 
to sandy ridges and rolling uplands of glacial origin, 
which for the most part have a southeast-northwest 
trend. They seldom exceed a height of 100 feet. In 
a few places, such as in the Ninishith Hills and at a 
prominent esker north of Jackfish, Peace River, bar- 
ren ridges and domes rise to 200 feet, or more, above 
the adjacent lowlands. The eastern portion of the 
plain is quite different than that to the west. It is 
featured by flat or gently rolling uplands in which 
sandy soil predominates; in parts these are diversified 
by bold ridges often displaying steep, rugged hills, 
barren or sparsely wooded, or fire-swept and bur- 
dened with windfall. The major part of this terrain 
extends, with tortuous outline, in a broad belt prob- 
ably averaging 20-30 miles wide, from the prairie 
benchlands at Peace Point northward to and beyond 
Nyarling River. What appear clearly as related de- 
posits extend northwesterly for an undetermined dis- 
tance across Buffalo River north of Buffalo Lake. 
The whole partakes of the characteristics of a huge 
terminal moraine. 

Owing to very irregular disposition it is diffieult to 
compute the area of this terrain in the park, but it 
ean scarcely be less than 2,200 square miles. Large 
fertile tracts of sandy loam and clay are scattered 
about through the belt; in it are found attractive semi- 
open woods of aspen, spruce, and pine, with numerous 
prairie openings. This is the main summer range of 
the bison. 

West of this to the vicinity of Caribou Mountain 
is a vast hinterland of mossy, poorly forested country 
with swamps, open muskegs, and a veritable welter of 
shallow ponds and lakes. Most of it is in the nature 
of a broad depression known as the Moose (Conibear) 
Lake Basin, once occupied by a huge glacial lake. 
From about latitude 59° 15’ it extends northwest be- 
yond Thultue Lake, and east to Conibear Lake and 
the Ninishith (fallen tree) Hills. A related sector 
occurs from Sass Lake north and northwest, but it 
appears to be wholly or in part severed from the 
main depression by a winding esker-like extension of 
the Ninishiths. The swamp-like character of the 
country persists widely westward over slightly in- 
creasing and then decreasing elevations to Copp and 
Buffalo lakes. Small lakes and muskegs abound. 
Low, sandy ridges also intersect this district, but they 
are fewer and smaller than to the east. 

Most of the plateau is underlain by Devonian and 
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Silurian strata of gypsiferous rock. Apart from 
major stream valleys and the eastern escarpment, 
rock outerops are exceedingly rare. Over extensive 
sections streams are entirely wanting. Again there 
is only a rudimentary and poorly organized drainage 
leading, as a result, to peculiar conditions. One of 
unusual interest is the presence of subterranean 
streams which flow through tunnels dissolved from 
the underlying deposits of gypsum and limestone. 
Some of these persist underground for comparatively 
long distances, to reappear in other localities. Many 
of those emerging at the base of the eastern escarp- 
ment doubtless have their origin westward in upland 
ponds and sink holes. Some sections may truly be 
referred to as “the land of underground streams.” 
The Nyarling River is the eclassie example of the 
region. 

This sub-surface drainage, in turn, locally gives rise 
to a prolific development of sink holes of various 
sizes. These range from tiny foot-wide craters up to 
magnificent examples 50 or 60 feet deep, and hun- 
dreds of yards in diameter. A typical example is 
round and funnel-shaped with the apex terminating 
in a small shaft leading into the bowels of the earth. 
Many sink holes are dry, but others hold water, and 
in areas otherwise destitute of good drinking water 
they. are a boon alike to man and beast. Some of 
these maintain a supply of wonderful constaney, 
while others again vacillate greatly in level. In a 
very small number, sedimentary bedrock is sparingly 
exposed at varying depths of 30 to 50 feet below the 
surface. The greatest development is in the upland 
zone on the east side. This is especially so from 
Junction Lake northwestward into the northern area 
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of the park where sink hole maxima apparently 
prevail. 

Salt Plains Elevation—The plains immediately east 
of the Salt-Little Buffalo River searp constitute the 
second natural division in the park’s topography. On 
the whole this section is much less attractive than the 
uplands farther west. On the east it is bounded by 
the Slave River lowlands, and on the west by Alberta 
Plateau. North and south it extends from about 
60° 03’, to the vicinity of Peace River, with an average 
width of about 16 miles. Generally it is featured 
by an almost total lack of relief. 

That portion northwest of Fitzgerald ranges about 
680° high; it is flat, or gently undulating, with a 
good forest cover enclosing patches of prairie. West- 
ward there is a gradual descent to Salt River. Many 
tracts are sandy and grown chiefly to pine. Fifteen 
miles west of Fort Smith is the lowest part of the plain 
with an altitude of about 570 feet above sea-level. 
Here lies the true salt plain, which skirts the highest 
part of the Alberta ramp (known loeally as “Salt 
Mountain”), with an average width of about two 
miles, and a length of eight. The noted salt springs 
issue from the base of the escarpment near the south- 
west angle of the plain. The water is partially trapped 
in natural basins where it evaporates to deposit al- 
most pure salt in masses as much as 15 feet in 
diameter and two feet deep. Extensive surrounding 
areas are desolate in the extreme, comprised of naked 
mud flats sun-baked in summer and encrusted with 
salt. It is frequently visited by individual and wan- 
dering bands of buffalo. 

Southwards the plain rises imperceptibly to eleva- 
tions of between 700 and 800 feet, to terminate near 





Fic. 6. Winter bison trail across a small plain southwest of Fitzgerald, Alberta. 
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Peace River. This rise is closely in conformity with 
the approximate 135-foot descent of Slave River below 
the mouth of the Peace; 109 feet of this obtains in the 
21 miles of rapids between Fitzgerald and Fort Smith. 
Forested areas, and large, open and partly boggy 
plains are about equally represented. In_ parts, 
sloughs and shallow ponds are legion. Small patches 
of prairie occur, but are much less typical than in 
the dry uplands to the west. In general the whole 
area is rather poorly drained, and while to a marked 
degree brackish, the almost consistent prevalence of 
good forage sets it apart in character from the true 
salt plains just described. This area constitutes the 
chief winter range of the bison, of which more will 
be said later. Owing to its moist or even boggy 
nature, large parts are not available to the herds until 
solidly frozen in the early winter. The entire tract 
covers about 1,100 square miles; this with other see- 
tions in the lower plains south of Peace River, raises 
the total winter range of the eastern sector to approxi- 
mately 1,220 square miles. The actual forage area is 
considerably less. 

Practically the only part with any relief is a com- 
paratively small section north of Peace River. Here 
morainic ridges occur to break the continuity of the 
otherwise featureless lowlands. One of these, known 
locally as the “sand hills,” is eut by Peace River in 
longitude 111° 42’ W. This ridge trends northwest 
to split and form a complex amphitheatre of hills 
and ridges six miles southeast of Crane Lake. These 
are outriders of the main glacial deposits of the ad- 
joining Alberta Plateau and they serve well to locally 
obscure the essential nature of the plain to the east 
and north of Peace River. 

In the northern part the major drainage is pro- 
vided by Salt River. The eastern border, however, 
is trenched here and farther south by numerous small 
streams tributary to Slave River and Murdock Creek. 
Peace River also receives an insignificant run-off from 
the narrow watershed along the north bank. Most of 
the small creeks are brackish, or distinctly saline, 
with evidences of sulphur at wide intervals. Springs 
of the latter character, however, are far from typical, 
as compared with their more common distribution 
upon or near the border of Alberta Plateau. 

Low Alluvial Plains—This is the lowest sector of 
the park’s topography and the best known to casual 
travellers. It is substantially represented by the 
alluvial lowlands bordering Little Buffalo, Slave, 
Peace, and Athabaska rivers, and Claire, Mamawi, 
Baril, Egg and Athabaska lakes. The majority of 
the latter possess a common average level of 699 feet 
above the sea. As most of the surrounding lowlands 
are only slightly above normal lake level, they are 
consequently subject to widespread flooding with 
every period of high water. 

The greater portion constitutes the delta region of 
the Peace-Athabaska rivers, with a combined area 
close to 2,000 square miles. In the more eastern parts 
fresh land is being constantly added by the deposit 
of silt. This is steadily seized upon by various grasses 
and shrubbery with spruce, tamarack (Larix laricina), 
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and poplars bringing up the rear. The process is 
aided through a secondary accumulation of muck and 
peat by decaying, shallow-water vegetation. At the 
lower levels, with poor drainage, shrubby swamps 
and muskegs are commonly produced; on a somewhat 
higher plane profuse growths of hay and willows 
oceur, which are habitually invaded by bison herds 
during the winter. 





Fic. 7. View of bison wintering territory from ‘‘Ob- 
servation Hill,’’ Chenal des Quatre Fourches, looking 
east across lakes and grasslands. Note two bison feed- 
ing areas in the snow, right-middle distance. 


Areas of corresponding level, with woods and mead- 
ows, flank Peace and Slave rivers. To be included 
are richly forested benches lying at elevations of 10 
to 15 feet above the streams. In the upper Slave 
River Valley the borderline between these lowlands 
and the adjoining “salt plains” is marked by a terrace 
of moderate slope 30 to 40 feet high. This irregularity 
parallels the river at varying distances of a few hun- 
dred yards up to several miles. The Slave-Little 
Buffalo River plains below Fort Smith are much 
more extensive and represent a former floor of an 
arm of Great Slave Lake. 

Above the Fort Smith rapids seattered outcrops 
of Pre-Cambrian rock appear along the Slave, notably 
at Fitzgerald, near Buffalo Landing and Government 
Hay Camp, below La Butte, and a few other places. 
These are outliers of the Tazin Highlands immediately 
east of Slave River; the latter here takes a course 
practically coincident with the line of contact between 
Paleozoic and Pre-Cambrian formations. A good 
description of that portion of the Laurentian Plateau 
immediately to the east of the park is given by Harper 
(1931). 

These rocks oceur but sparingly in Wood Buffalo 
Park, though they are known to immediately underlie 
a section west of the Slave, and immediately north of 
the mouth of Peace River. To the south, however, 
they become the prevailing formation along Riviere 
des Rochers and in other localities to Athabaska Lake. 
Usually the intrusions take the form of commanding 
ridges and “islands” springing from the otherwise 
swampy and featureless level of the delta plain. Some 
are sparsely or somewhat more generously wooded, 
while others are practically barren, reminiscent of 
much more northern latitudes. 
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The greater part of the bison range supports an 
abundant vegetation. This varies widely in character, 
however, depending upon slope, elevation, soil, and 
drainage. Sufficient disparity in elevation alone pre- 
vails within the district to induce very appreciable 
contrasts in the flora; this is observed, for instanee, in 
the luxurious forests of Peace and Slave rivers, as 
compared with the stunted woods of the Caribou 
Mountain Highlands. But almost as acute are em- 
phasized differences in the vegetation imposed by 
varying character of soil and drainage. This is espe- 
cially noticeable as between immediately adjacent 
tracts of dry, sandy uplands, and cold, wet marshes 
and muskegs. Owing to type of topography, slope 
plays only a minor role. 

Between extremes in the local diversification of 
forest cover, there is endless variety. The sum of 
conditions presents such easily recognized soil-drain- 
age types as bog spruce-tamarack forest; pure pop- 
lar; poplar-spruce; pure white spruce (Picea glauca) ; 
aspen-spruce-pine; and pure stands of Banksian pine 
(Pinus Banksiana). In areas of close association are 
many other relationships with complex zonal blend- 
ing and wide overlapping of otherwise distinct group 
affinities. On the river flats, and in well-drained 
loealized areas of the interior of the. reserve, there 
is an excellent development of white spruce. 

The sturdiest forests grow along the major water- 
ways. The rich alluvial lowlands of well-drained 
black loam over clay, or sandy clay, produce some 
remarkable results in relation to latitude. This, how- 
ever, is usually confined to a relatively narrow fringe 
along the banks of streams. Forest growth is espe- 
cially stimulated along Peace and Slave rivers, and 
over the older alluvial lowlands to the south. For 
the immediate district, exceptional development is 
displayed in a broad sector about the junction of 
rivers at the mouth of the Peace and along the Em- 
barras River. Here, and in other valley habitats, 
spruce commonly attains a thickness of 18 inches to 
two feet, and the balsam poplar up to 30 inches, both 
reaching heights of 75 to 100 feet. The regional 
average, however, is far below this. 

Fine stands of trembling aspen thrive in similar 
valley surroundings, though more often on somewhat 
higher, adjoining benches. Particularly attractive 
stands exist in many places along Peace and Slave 
rivers. One of the best was noted southwest of Salt 
River Settlement where individuals measured up to 
16 and 18 inches, three feet above ground. The 
species is said to reach a diameter of two feet under 
exceptional conditions. Those a foot in thickness are 
common. Both poplars tend to grow in pure stands 
apart from each other, as well as the conifers, the 
balsam poplar characteristically on lower ground. be- 

1It is desired at this point to make special reference to 
Raup’s “Botanical Investigations in Wood Buffalo Park” (1935). 
The reader is urged to consult this excellent monograph which 
is the most exhaustive work of its kind for the region. Of 
immediate interest is the fact that, in the summary of the 
plants treated, there are 66 families, 211 genera, and 449 


species, which, with varieties and forms, brings the total num- 
ber of different plants in the bison range up to 461. 
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side streams. The aspen is more of the uplands with 
almost universal distribution. The former, however, 
is found in narrow stream-side belts on the highest 
part of Alberta Plateau, exclusive of the mountains. 
Throughout Peace and Slave river valleys and points 
on Great Slave Lake, and beyond, are localized areas 
with agricultural possibilities. Here small quantities 
of hay, oats, barley, and wheat are successfully raised, 
together with the hardier garden truck such as pota- 
toes, turnips, beets, cabbages, lettuce, peas, carrots, 
and onions. Numerous varieties of domestie garden 
flowers are easily grown, to bloom lavishly from July 
until early September. Occasionally there is failure 
for all garden growth through the oceurrence of un- 
usually late spring or early autumn frosts. The im- 
pression must not be left that the country is broadly 
of agricultural value, for it is not. Tracts away 
from the rivers sometimes appear favorable, but most 
are restricted to selective strips in the valleys. 

One of the outstanding characteristies of the north- 
ern landscape is the effect produced by the predom- 
inanee of coniferous forest. So prevalent is this, 
indeed, that one always in memory associates the dark 
masses of spruce and pine, and spired sky-line con- 
figuration, with the scenery of the far north. Certain 
considerable tracts are almost wholly covered with 
one or the other of the two spruces. As a rule the 
white spruce is more or less associated with birch, 
balsam or aspen poplar, or both, depending upon 
locality. The latter, readily seizing upon fire-swept 
tracts (and thus greatly augmented), commonly oceurs 
in rather open, pure tracts with a rich undergrowth 
of shrubs, grasses, peavine, vetches, and other flower- 
ing plants. Such woods of the uplands, enclosing 
seattered prairies, provide summer pasturage for the 
buffalo herds and directly determine their distriku- 
tion and well-being at this season. 

These woodland and prairie forage grounds are of 
such prime importance, indeed, that they suggest de- 
tailed attention. Openings of genuine prairie type 
are usually on clay soil, or with a high clayey con- 
tent. Normally they are somewhat widely scattered 
and seldom exceed a few acres in extent. Over favor- 
able strips of country, however, they may oceur suc- 
cessively in moderate profusion. The woods which 
enclose and separate them from each other, vary in 
character, but usually consist of willows, aspen pop- 
lar, and associated underbrush, not uncommonly mixed 
with stands of white spruce. Dividing strips of 
woodland are often narrow and park-like, relatively 
free of undergrowth and studded with lone pines. 

Prairies are more often in close association with 
rather open woods of aspen poplar which support a 
vegetation in part similar to them. This is normally 
abundant and, in addition to grasses, consists of such 
herbs as prairie buttereup (Ranunculus rhomboideus ), 
mint (Mentha canadensis), larkspur (Delphinium 
scopulorum), and bluebell (Campanula rotundifolia). 
Clumps and individual poplars—sometimes spruce and 
pine—sprinkle the prairie tracts, intermingled with 
low thickets of wild roses (Rosa actcularis), wolfberry 
(Symphoricarpos occidentalis), gooseberry (Ribes 
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oxyacanthoides), and snowberry (Symphoricarpos 
albus). Numerous areas bear a striking resemblance 
to prairie-aspen parklands in the northern portion of 
the agricultural belt hundreds of miles to the south. 

In addition to the patches of prairies are numerous 
attractive glades of luxurious fertility sown about 
through the upland forest. Here is a wealth of deep 
grasses, set off by the shining, ashy-white boles of 
the aspen, and the deep green of spruce groves. 
Depending upon prevailing soil characteristics, from 
place to place, will be found the  buffaloberry 
(Shepherdia canadensis ), creeping juniper (Juniperus 
horizontalis), bearberry (Arctostaphylos Uva-ursi), 
shrubby cinquefoil (Potentilla fruticosa), goldenrod 
(Solidago multiradiata), aster (Aster Lindleyanus), 
dwarf dogwood (Cornus canadensis), sarsaparilla 
(Aralia nudicaulis), and meadow rue (Thalictrum 
sparsiflorum). On the margins of the boreal prairies, 
and flourishing in adjoining woods, are saskatoons 
(Amelanchier florida), black currants (Ribes hud- 
sonianum), highbush cranberries (Viburnum pauci- 
florum ), raspberries (Rubus idaeus), and strawberries 
(Fragaria glauca), all of which in favorable seasons 
bear fruit in lavish abundance. The silverberry 
(Elaeagnus argentea), with wide distribution over the 
southern plains, is here sparingly seattered along dry 
stream banks and over parts of the rolling uplands. 

Most of the prairie-strewn country is confined to 
an upland belt in the eastern portion of the Alberta 
Plateau. The majority of the bison spend the summer 
in this section. Under suitable conditions these grass- 
land openings occur from Peace Point north and 
northwest into the upper reaches of the park. It 
appears obvious that in many cases where open 
prairie once prevailed, poplars and willows have since 
spread to cover the whole area. Those recently trans- 
formed in this manner have beautiful open woods 
through which travelling is easy and pleasant. One 
of the best prairie sections known at present occurs 
north of Pine Lake, between Grassy Slough and Flat- 
grass Lake. 

Westward over a wide swampy tract (sparingly 
intersected by sandy ridges), prairies are either en- 
tirely absent, or oceur only at very rare intervals. 
Suggestions of the condition were noticed by the 
writer in small, isolated tracts between Conibear and 
Thultue lakes, and locally north of Little Buffalo 
River. They are here so searce as to be of little sig- 
nificance in the summer distribution of the bison. Ap- 
proaching Caribou Mountain, however, small prairie 
tracts are again encountered on more elevated bench- 
lands. They have been seen by Routledge (1908: 
130-32) and Raup (1933:24) along the base of the 
eastern escarpment, some of which are said to be a 
mile or more wide and several miles long. From 
deseriptions, they are essentially similar to those 
seattered over the eastern side of the plateau. Modi- 
fied examples are also sparingly distributed within 
the salt plains district of 600-750-foot contour lines 
east of the plateau margin; the character is here 
appreciably qualified by poorer drainage and saline 
conditions which are often very pronounced. 
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Referring to the summer range of the bison Raup 
(1.e.:25-26) says: “With regard to seasonal aspects, 
the upland prairies are rather late in their spring 
growth, but produce a rich cover of tall grass in a 
relatively short time. When the writer crossed the 
Grassy Slough area on June 17th the grasses had 
just begun to produce their first green shoots,. the 
on'y one with flowers being the early vanilla-grass. 
The grasses at the eastern base of the Caribou Moun- ° 
tains are found in the same condition between June 
17th and 20th. Flowering stalks of the blue-grass 
were well-developed in the latter place by the first 
of July, while the blue-joint reached its prime toward 
the latter part of July. Most of the flora is begin- 
ning to, or had already set seed during the first half 
of August, and the fall may be said to begin soon after 
the 15th of August. 

“. . Most of the herbaceous growth is made up 
of several species of grasses, which, although abun- 
dant, do not form a turf. There are about twenty- 
five other herbs in the aspen woods, none of which 
are important as feed except pea-vine and vetch, 
which are abundant.” 

Very extensive tracts of the uplands consist of 
sandy ridges and related, gently rolling areas domi- 
nated by Banksian pine. Such pine woods frequently 
stretch without a break for many miles. They are 
typically open and dry, needle-carpeted, possessed of 
a trailing shrub-mat made up of such species as bear- 
berry, Canada blueberry (Vaccinium canadense), 
and dwarf juniper (Juniperus communis), oceasion- 
ally interspersed with copses of the woodland alder 
(Alnus crispa). On the whole they are poor and life- 
less as compared with other types of forest. With 
some justification they are sometimes referred to as 
the “pine barrens.” Such woods are little visited 
by bison except for the purpose of wallowing in the 
sand at the height of the fly season, or traversing 
them by a complex system of trails to and from at- 
tractive forage areas which they separate. 

These uplands are almost everywhere interrupted 
by numerous sloughs, small marshy-shored lakes, and 
dark spruce woods. In places about the western 
borderland especially, sandy pine ridge and muskeg 
strips often alternate with marked regularity. Mar- 
gins of these undrained depressions commonly have a 
good crop of sedges and grasses. The wild hay thus 
produced is much ranker and more abundant than 
anywhere in woods or prairies. It is not much used 
by the buffalo during the summer (owing in part to 
the boggy nature of the ground), but it becomes an 
important item of feed in the winter. The swampy 
ground is partly covered with dwarfed black spruce 
and tamarack of dense or open formation; a quan- 
tity of underbrush prevails, while Labrador tea 
(Ledum groenlandicum) springs from a hummocky 
floor of sphagnum mosses. Below is the black muck 
and peat, permanently frozen close to the surface 
throughout the year. The great, open muskegs are 
similar, except for lack of trees; willows and alders, 
however, are often plentiful around the margins, fre- 








quently associated with thickets of dwarf birch 
(Betula glandulosa). 

In contrast to this are the so-called salt plains of 
the park’s second steppe of elevation, and the flood 
plains of the Little Buffalo, Slave, Peace, and Atha- 
baska rivers. Though also characterized by an 
abundance of moisture, floral conditions are widely 
different. This zone embraces the vast delta marshes 
and river flats, which have already been mentioned. 
A leading feature is the prolifie abundance of wil- 
lows, alders, sedges and grasses. Though extensively 
flooded in the spring, isolated sections so completely 
dry up later in the season that large quantities of 
hay may be successfully harvested from them in late 
summer, or early fall. 

It is within the bounds of these grass-producing 
lowlands that the majority of the bison herds spend 
the winter. In many parts the rankness and luxuri- 
ance of this forage is remarkable. On the open 
plains division west of Slave and north of Peace 
rivers, it averages two to three feet high by early 
fall, to stretch mile upon mile in a level, amber-green 
sea of splendid yield. Thousands of bison graze here 
as soon as the ground is sufficiently frozen in early 
winter to bear their weight. In lower and wetter 
sections the vegetation is even ranker and reaches to 
four, five, or even six feet in height. In particularly 
favorable areas south of the Peace, and even north 
to the Nyarling and Upper Buffalo rivers, the writer 
has seen grasses exceeding a height of seven feet. 

Aside from the dry uplands of the Alberta Pla- 
teau, the soil varies from black silt charged with 
organie matter, through sand, or clay loam, to a very 
porous humus found in the shelter of deciduous and 
coniferous forests. In places the top layer is almost 
pure clay; again it may be sand with a local admix- 
ture of gravel and granitic boulders. In a certain 
section of the uplands north of Grassy Slough, a 
red-tinted clay loam observed. Oceasionally, 
elay overlies a sub-stratum of sand. Over large areas 
the subsoil is clay many feet deep, where it is best 
observed along river banks. Indeed, this mantle may 
attain to 50 or 60 feet in depth as noted in the eut- 
banks of Buffalo River. In places it is interbedded 
with arenaceous sediments. 

Several main types of park vegetation have been 
alluded to, the specifie enumeration of which will 
tend to further clarify a conception of the bison 
range. In addition to minor zonations with resulting 
habitat patterns, these have a profound influence 
upon animal selectivity, adaptation, and distribution. 
This vegetational physiognomy, together with gen- 
eral preferences as shown by the bison, may be 
briefly summarized as follows: 

(a) -Pure Banksian pine parklands on sandy soil 
with clean, needle floor and (or) a lichen and trailing 
shrub mat interspersed with thickets of willow and 
alder: Animal life searce; only casually visited by 
bison except for wallowing. 

(b) Dense white spruce forest characterized by 
a deep moss carpet, humus, litter, and with little 
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shrubbery: Only incidentally visited, especially dur- 
ing winter storms. 

(c) Mixed woods of the poplars, birch, and white 
spruce interspersed with glades, herb and shrub 
areas; some mosses and lichens, litter and windfall; 
relatively deep humus and loam soil: Habitually fre- 
quented at all seasons, with important concessions to 
summer feeding. 

(d) Pure areas of aspen or balsam poplar, or 
both, superficially similar to like stands in the Tran- 
sition Zone; on lowlands relatively dense with rank 
herb and shrub section nearly universal, fertile loam 
over clay or sandy subsoil; on rolling uplands more 
open with herbaceous plants and shrubs, often en- 
closing firm-turfed prairies rich in herbage of inter- 
mediate height; loam intimately associated with clay: 
The most important summer resort of bison, espe- 
cially with reference to the upland sections where 
optimum feeding conditions prevail. 

(e) Fire-swept brulé lands of good drainage with 
a degree of soil destruction, sparse shrubbery, decay- 
ing windfall, second-growth aspen poplar stands oe- 
casionally predominated by young Banksian pines: 
Casually frequented, more often in relation to inter- 
secting trails, and existing wallows. 

(f) Relatively barren Pre-Cambrian rock hills 
mantled with a lichen-reindeer moss carpet and scat- 
tered tree bluffs; open areas, reduced fertility, 
dwarfed examples of white and black spruce, and 
serub pine: Rarely visited; temporary refuge in the 
southeast during spring periods of high water. 

(g) Stunted black spruce and tamarack woods, 
open or dense, embracing ponds, sedgy sloughs, moss 
and peat tussocks over cold, or frozen subsoil of 
poor drainage, surmounted in part by willow and 
dwarf birch thickets with depressed herbage: Shunned 
except for very limited random feeding during the 
winter. 

(h) Open muskegs of little or no drainage with 
a profusion of ponds and typical “quaking bog” 
eover of mosses, Labrador tea, ete.; occasional shrub 
associations and thinly seattered, scrubby black spruce 
and tamarack: Bison occurrence similar to the last. 





Fig. 8. Typical grassy draw in the forest west of park 
headquarters, commonly resorted to by bison during the 
winter months for the abundant forage. 
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(i) Upland meadows and plains of intermediate 
elevation with little or no drainage; numerous shal- 
low, brackish ponds and sloughs, surrounded by a 
lush cover of grasses, sedges and random shrub 
stands; such openings are invariably bordered by 
willows and alders backed by variable forest: The 
major grazing range of the bison herds throughout 
the winter; optimum forage potentialities at this 
season. 

(j) The desolate salt plains proper, typified by 
poor drainage, highly saline conditions, brackish or 
salt impregnated water, naked clay surface charac- 
teristically spotted with isolated, stunted herbage: 
Casually traversed, or the salt licks near the springs 
more regularly visited during the summer; feed at 
absolute minimum. 

(k) Lowland flood plains and delta marshes, em- 
bracing relic lakes, sluggish streams, and abandoned 
channel sloughs, bordered by high shrubbery and 
dominated withal by an opulent cover of grasses and 
sedges; the zonated borders of upland ponds and 
lakes are florally similar to this area: South of the 
Peace especially, an invaluable, highly endowed, sup- 
plementary winter forage area for bison in relation 
to the main winter range described under section (i). 


CLIMATE AND SEASONAL PHENOMENA 


In this latitude spring may be said to begin about 
the 20th of April. Pronounced mild spells are not 
unknown earlier, in which event they are surely sue- 
ceeded by boisterous weather and a return to modified 
winter conditions. Thus the first three weeks of the 
month are highly variable and subjected to alternat- 
ing periods of cloudwrack, raw winds, sleet and 
snow, and relatively cold, bright weather. The last 
week normally introduces definite indications of 
spring. After the first week of May the season 
usually advances with astonishing rapidity. Some 
vears, however, there are cold setbacks and fleeting 
snowsqualls up to late May or even early June. 

Average temperatures for April fluctuate from 
year to year between 22° and 33° F., and for May, 
41° to 48°. The highest recorded temperature for the 
former (1928-1934) was 80° on the 28th of the 
month, 1932, and for the latter 86° on the 30th and 
3lst of the same year. Average precipitation for 
April is about .36, and May, .87 of an inch, repre- 
senting combined snow and rain. July and August 
are the only months in which snow has not been 
known to fall. North winds predominate throughout 
the spring, followed in frequeney by those from the 
south. 


The 5th to 10th of May usually sees the smaller 
streams in full flood. From the lowland woods and 
meadows most of the snow has now vanished, though 
belated patches still linger in the depths of the denser 
spruce woods. On prairie, and slopes of southern 
exposure, the ground is now free and dry, with the 
earliest vegetation beginning to show. In 1933, Slave 
River ice began running on May 10th, and in 1934, 
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on the 5th. This is frequently accompanied by ex- 
eessively high water, which widely floods the lowlands. 

Earliest signs of foliage on willow, bireh, and pop- 
lar appear in the low country about May 20th. At 
about the same date the first crocuses (Pulsatilla 
ludoviciana) burst into bloom, followed shortly by 
other hardy, early-flowering plants, such as saxifrage 
(Saxifraga tricuspidata) and Venus’ slipper (Ca- 
lypso bulbosa). Growth and efflorescence is progres- ° 
sively later in the uplands as reflected by slope and 
increasing altitude. In the lowlands the deciduous 
trees are usually well foliaged by June 10th, and 
wild flowers are abundant in favorable situations. 
The last of the spring birds have also arrived to 
breed or push on to more northern latitudes. 

Summer days are warm, and the nights cool and 
refreshing. Calm, clear weather abounds with few 
violent, and still rarer electrical storms. Rains are 
occasionally torrential, but the majority are gentle; 
sometimes they continue for several days. Average 
precipitation for the three summer months is approxi- 
mately 5.72 inches—July being the heaviest with 2.12 
inches. Prevailing summer winds are from the north 
followed in order of frequency by those from the 
south, west, and east. Summer may be said to last 
from about the second week of June until the last 
week of August. Night frosts may oceur at any 
time though they are rare in July. The latter is the 
warmest month with a mean temperature of about 
60.3°; the highest and lowest recorded figures (1928- 
1934) are 90° and 30°, respectively; June mean 
55.2°, highest 87°, lowest 22°; corresponding data 
for August are 57.6°, 92°, and 22°. The highest re- 
corded temperature in the region is slightly over 
100°. 

A peculiarity of the period from about May 1 
until August 15 is the existence of twilight through- 
out the night. The phenomenon reaches the full dur- 
ing the summer solstice (June 21), and is naturally 
more pronounced in the northern than in the south- 
ern area of the park. At this season light is pro- 
gressively brighter northward to the “land of the 
midnight sun.” As a result of the superabundance 
of light and sunshine, vegetation grows at a surpris- 
ing pace and matures earlier than would otherwise be 
possible. 

Despite the lavishly long hours of sunshine sub- 
soil over large areas remains permanently frozen. 
Controlling agencies are naturally character of the 
terrain—slope, vegetation, quality of the insulating 
materials, ete. Under cover of black spruce and 
sphagnum in poorly drained swamplands, frost, everi 
at the end of summer, exists within a foot or two of 
the surface, but in light, dry soils it is dispelled to 
a depth of six or eight feet. At park headquarters 
the writer found the soil on an open river bench 
frost-free to a depth of 2% feet on May 8, 1933, 
whereas within a neighboring forest, on the same date, 
it was solidly frozen immediately below a thin mat 
of decaying debris. Raup (1935:17-18) says that 
“Open prairies were found frozen at a depth of 37 
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inches on June 26, and in the early part of August 
was found at about 5 feet on the cleared bank of 
Slave River at Government Hay Camp. On July 
12, frost was found at about one foot on a hillside 
exposed to the noon-day sun high on the eastern 
slope of Caribou Mountains.” 

Autumn is a charming period, delightfully tem- 
pered, and free from the earlier scourge of bulldog 
flies and mosquitos. All points considered, it is un- 
questionably the best time for bush travel and gen- 
eral investigations. Its earliest undoubted signs are 
manifest in late August when the first searlet and 
gold is lightly laid on the foliage of upland poplars 
and shrubbery. A gorgeous spectacle is presented 
in a fortnight, but the height of color is not reached 
until late September. Among the notable early dis- 
plays are the searlet leaves of the highbush eranberry. 

Snow occurs at times in late summer or early fall 
with temperatures below the freezing point. Such a 
snowfall visited the Alberta Plateau and parts of the 
adjoining salt plain on September 4, 1933, but in 
two or three days it was followed by a prolonged 
spell or “Indian summer.” The mean temperature 
for September is 44.8°, and for October 32.3°; the 
highest and lowest records from 1928 to 1934 are, 
respectively, 84° and 14°, and 72° and —8°. Aver- 
age rainfall for the former month is 1.72, snowfall 
1.5, total precipitation 1.81 inches; corresponding 
igures for October are: .36, 4.4, and .71 inches. 
Number of days with rainfall for the two months 
average 9 and 4, respectively. Snow falls in Sep- 
vember only about once in three years. 

Winds, in order of frequeney at this period, pro- 
eeed from north, south, southwest, and northwest— 
north-easterlies being the rarest. Winds when they 
do come from an easterly quarter are usually the 
most violent, with prolonged cloudwrack and eold 
rain. Autumnal foliage is shed by about October 10, 
while the latest of flowering plants have long since 
expired. The fall period, especially the early half 
or more, is often characterized by warm, flawless 
weather that holds unbrokenly for two weeks at a 
time. 

Winter unmistakably begins during the second or 
third week of October. Long before this, however, 
heavy white frosts are of regular occurrence. Ex- 
posed soil usually freezes by the 10th of the month, 
eoineident with or shortly followed by the sealing 
over of ponds and small streams. Rivers the size of 
Chenel des Quatre Foureches have been known to 
freeze over by October 9, and extensive bays in 
Lake Athabaska four days later. In 1932, the first 
heavy run of ice littered Slave River on October 15; 
the following season this occurred on the 23rd. In 
these same years, the first snowfall of any conse- 
quence mantled the region on October 22 and 23, 
respectively. 

The large rivers of the region are usually closed 
within 10 or 12 days of the first run of slob-ice. 
Normally, the main body of Lake Athabaska is set 
fast in late November, to open again at the western 
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end about May 10-15; for the colder, eastern ex- 
tremity these dates are respectively earlier and later. 
The main part of Great Slave Lake is ordinarily 
fast by the second week of November, and open by 
July 1, though these dates may vary one way or the 
other by ten days. The period during which ice per- 
sists in the lakes (between six and seven months) is 
considerably in exeess of that during which the 
ground is frozen; consequently, in common with the 
Aretie regions—though differing in degree—soil is 
thawed and flowers blooming for some time before 
ice has left the lakes. 

Duration of the winter is about equal to the ecom- 
bined length of the other seasons. The period, as 
already perceived, may be regarded as lasting for 
six months, or from about mid-October to late April. 
Typical of northern regions, conditions at either ex- 
treme are notably capr-cious, especially in spring. 
While temperatures during the long winter are rela- 
tively severe, with spells to 60° and 65° below zero, 
this is measurably ameliorated by much calm weather 
and dryness of the atmosphere. Average tempera- 
tures for the true winter months are as follows: No- 
vember 5.2°; December —10.9°; January —11.7°; 
February —8.5°; Mareh 1.5°. Such monthly means 
derived from certain year-groups may, however, dif- 
fer radically in respect to each other or from year 
to year. January is normally the coldest month, but 
the distinction at times falls to February. Rather 
lengthy spells of cold oceur from late December un- 
til early Mareh when the temperature holds steadily 
as low as 30°, 35°, or even 40° below zero. Displays 
of the aurora borealis are often of exceptional bril- 
lianee in this region. 

In econtradistinetion to the long hours of sunlight 
and perpetual twilight during the nights of mid- 
summer is a corresponding decrease in the hours of 
daylight during the middle of winter. At the winter 
solstice, for example, the sun rises at 9.04 a.m. and 
sets at 2.53 p.m., local standard time. The astro- 
nomie beginning and ending of morning and evening 
twilight is 6.18 a.m. and 5.39 p.m. respectively. Un- 
der certain circumstances, however, the full effect of 
this minimum light is not appreciated, with the re- 
sult that the phenomenon may practically duplicate 
that presented to the senses in open country of much 
higher latitudes. This is experienced while travelling 
and camping at the northern base of mountain or 
escarpment, in dense woods and deep valleys. During 
midwinter in thick forests of the bison range, dark- 
ness prevails from about 3.45 p.m. until 8.15 a.m.; 
this is appreciably shortened in the open. 

Wood Buffalo Park snowfall is fairly generous 
though not excessive. By early spring the depth is 
normally between two and three feet in the windless 
depths of dense forest tracts, though in exceptional 
winters this may be substantially increased. Average 
fall is approximately 48 inches, but owing to com- 
pression, evaporation, and melting at long intervals, 
the actual depth at the season’s end is greatly re- 
duced. On open plains and prairies the snow is 
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driven off by high winds to find lodgement as deep 
drifts within borders of the forest; in consequence, 
the plains seldom have more than 2-214 feet of snow 
at any time. November and February appear to be 
subject to the heaviest snowfalls. The long-term av- 
erage for any month seldom exceeds 14 or 15 inches, 
though an individual month may receive as much as 
two feet. The average number of days with snowfall 
from October to April, inclusive, is about 45; No- 
vember commonly has the most. Consolidation is 
comparatively rapid in the wind-blown plains, but 
in forest retreats, snow persists in powdery condition 
throughout the winter. 

The higher percentage of winter days are bright 
and calm and, as a rule, winds are moderate. Blind- 
ing blizzards, however, sweep the country at wide 
intervals. Prevailing winds usually proceed from the 
north and south; next in order are northwest, west, 
and southwest, while those from east and northeast 
(as during the greater part of the year) are the 
rarest. Temperatures are sometimes radically modi- 
fied, even in midwinter, by the occurrence of mild 
westerly winds. Southwest “chinooks” are sometimes 
felt as far north as Good Hope. These winds usually 
abate only after attaining high velocity, with snow- 
melting and settling, to be followed by bitter cold. 
Ice normally appears to attain a maximum thickness 
of about 5 or 6 feet, though it has been known to 
reach seven feet at Great Slave Lake. 


LIFE HISTORY 
PRELIMINARY REMARKS 


In a former chapter considerable space was given 
to a discussion of the original buffalo herds, which by 
foree of circumstance spent the greater part of their 
existence in the northern forests. It was also noted 
that these animals are now generally regarded as a 
distinet race under the name of wood bison (Bison 
bison athabascae Rhoads). Classification still re- 
mains a debatable question. Some regard the differ- 
ences as but slight and of little significance—at most 
a superficial divergence springing from environment; 
others again support Rhoads in this definite racial 
separation; while a third group leans to recognition 
of its status as a distinet species. This has hitherto 
been the outgrowth of a seareity of specimens. The 
majority of leading authorities, however, support at 
least subspecifie classification. Selective collecting of 
recent years should finally decide the matter. 

It was also previously observed that these northern 
animals were exceedingly abundant in early times; 
that a marked decline occurred after 1840; that by 
about 1900 they were reduced in numbers to about 
250-300; but under protection increased again, by 
1922, to approximately 1,500. 

With the object of more effectively protecting this 
remnant, Wood Buffalo Park was set aside in Decem- 
ber, 1922. In several respects (despite the relatively 
high latitude) the nature of the range is such as to 
offer marked potentialities for the preservation of 
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bison on an extensive scale. The selected area is of 
great extent; it embraces vast reaches of primordial 
forest, much of which is richly interspersed with 
grassy plains and meadows aggregating many thou- 
sands of square miles. In these feed is abundant 
because of good soil and relatively humid climate; 
failure of the grass crop is unknown. 

The Dominion Government gave these facts careful 
consideration. At this time the Wainwright Buffalo 
Park was overcrowded, while up north a supremely 
attractive and little occupied range was available. 
The government finally decided upon the unique step 
of transporting thousands of the southern animals to 
Wood Buffalo Park. The object was to relieve the 
congestion at Wainwright and at the same time pre- 
serve the surplus for future economic purposes in 
northern regions. 

After special selection and branding, shipments 
of Wainwright stock were commenced in 1925, to be 
continued for four years. The animals were trans- 
ported in special boxears by railway to Waterways, 
Alberta, and from there by scow and steamboat down 
Athabaska, Rocher and Slave rivers. They were re- 
leased at several points along the eastern park bound- 
ary below the junction of the Peace. This involved 
for the many lots an average journey of about 700 
miles. During the four-year period 6,673 bison were 
liberated, comprising 4,826 yearlings, 1,515 two-year 
olds, and 332 three-year olds. In all consignments 
females were in the majority. There were early set- 
backs, but in the end the young stock thrived and 
by 1934, there was estimated to be at least 12,000 head 
of bison in Wood Buffalo Park. 

In a life-history study of the northern bison this 
introduction of the plains animal presents a peculiar 
problem. Notwithstanding the numerous items of 
reference, in general there is an actual poverty of 
published information respecting the life habits of 
the wood bison. On the other hand, exhaustive studies 
have been. made of the plains animal in their normal 
habitat. Nothing of like nature has been produced in 
respect to either the primitive stock, or the more re- 
cent introductions in the north country, and this the 
present paper hopes in some measure to rectify. 

In view of the situation, it has been found de- 
sirable, first, in the forepart of the report, to treat 
the original bison alone as fully as available informa- 
tion permits; and secondly, to combine, hereafter, 
general notes on life habits of both races as a single 
entity. In doing this it is apparent that no effort is 
made to differentiate between original and transferred 
stock. That this procedure is not so irregular as 
might seem at first glance can be readily shown. 

At the outset, it may be stated that a study of 
this subject in the field now leaves no other alternative 
for an orderly presentation of fact based on existing 
evidence. Since the intermingling of the two groups, 
a separate investigation of each is quite impossible. 
However, it is the writer’s considered opinion that as 
concerns habits and other physiological reactions to 
environment, segregation of data (even were it pos- 
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reserved and eventually become assertive and treach- 
erous. The hump—so characteristic of the species— 
begins to make a definite appearance at about two 
months of age. 

By late autumn the ealf loses the juvenile reddish- 
yellow tint; this vividness has been subtly replaced 
by a more sober brownish tone of general uniformity. 
In the second season it more closely resembles the 
adults in darker areas, with a rich pelage of glossy, 
dark brown, in parts verging on black. During the 
first two years, following loss of the baby coat, the 
young are perceptibly darker than later in life when 
hump and shoulders become increasingly paler with 
age. 

Horns, as in the domestic calf, appear at an early 
age, those of the male animals being more pronounced. 
At first they are straight, and for some years feature 
that individual known as the “spike bull’; by the 
time he reaches the sixth or seventh year they have 
grown to the full, sweeping curve of maturity. Gen- 
eral body growth is considered to be incomplete until 
a similar lapse of time. 

On the southern plains, calves were born from 
April to June. A single calf is the rule, but at com- 
paratively long intervals twins appear. During the 
two-year investigations in the northern reserve twins 
were not unquestionably observed. In this region it 
would appear that calving time averages somewhat 
later than farther south, though there is possibly a 
complimentary variation of several weeks during the 
period of conception, and calving. Observations in 
the north give grounds for belief, however, that here 
there is less latitude in the seasonal time of these two 
events and that both are transposed, in average, to 
a somewhat later date. 

From evidence gathered in Wood Buffalo Park, it 
appears that calves are born from about May 10, 
until early June. Unfortunately, travel is so difficult 
at this time that information is unavoidably meagre. 
Late May calves were of such a size as to suggest 
birth during the second week of the month—that is, 
they were apparently between two and three weeks 
old. In travelling anywhere at this time, calves of 
the season were rarely seen. On June 10, 1932, very 
ruddy-coated youngsters were noted near “Five-acre 
Wallow,” which were estimated also to have an age 
of only two to three weeks. Others met with during 
the third week of June, east of Pine Lake, were per- 
ceptibly larger and regarded as at least one month 
old. 

During the time of calving the young are seldom 
encountered. This is a notable feature attested to 
by wardens and others who have entered the range 
at this time. The reason, undoubtedly, is that the 
parents are very shy and secretive at this period and 
resort to the seclusion of deep woods to have their 
young. Consequently, the observation of calves in 
the north woods is much more difficult than in a plains 
environment. Even after the little calves are strong 
in June, the small clans with young seem inordinately 
wild, and adhere to or dash into the woods at the 
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slightest provocation. 
is quite different. 

Place of birth of the great majority of calves is in 
the eastern part of the Alberta Plateau. A pro- 
nounced retreat from the eastern plains takes place, 
in middle April, or a little after, and at a time when 
snow still lies fairly deep in the woods. The latter 
in an average year usually disappears by about May 
10, or roughly coincident with the supposed beginning 
of the calving season. At this time there is no visible 
evidence of marked invasion of central or western 
parts of the plateau, a movement which comes pro- 
gressively later in the season with steady growth of 
vegetation. We are quite justified in concluding, 
therefore, that the calving zone is in the well-elevated, 
woodland-prairie country along the eastern margin of 
the interior uplands. 

An interesting feature in connection with calving 
time on the southern plains is mentioned by Garretson 
(1927:17) as follows: “One of the strange spectacles 
to be seen every recurring spring soon after the grass 
has started, were the thousands of cireles trodden 
bare on the plains, which the early travellers, who 
did not divine their cause, called ‘fairy rings.’ These 
were made during the calving period of the buffalo, 
and as there was a great many gray wolves that 
roamed singly and in great packs over the whole 
prairie region, the bulls in their regular beats kept 
guard over the cows and drove the wolves away, 
walking in a ring around the females at a short 
distance and thus forming the curious circles.” 

Similar rings were occasionally noted in the north, 
but at the time were not clearly understood. Wolves 
exist there also, but not in such large numbers, and 
may, as above, have been responsible for the origin of 
some of these curious features. On the other hand, it 
is possible that some rings are simply etched by the 
normal action of parents circling about and licking 
the calf during its first three or four rather helpless 
days. 

Relatively little is learned of the calves in the for- 
est, but later when the herds move to the plains in 
the late fall they are much more conspicuous. Con- 
siderable attention was given to determining the per- 
centage of calves. The partial solving of this question 
is not the simplest, but some light can be thrown upon 
it. A ealf count in the bush is usually difficult, or 
impossible, and even on the open plains the young- 
sters are often hard to detect among masses of adults. 
Normally they are more or less swallowed up in the 
herd and this persists not only during the time it 
bunches in alarm, but throughout the retreat until it 
disappears in the forest. The calf count is much 
simplified in small clans, both in the forest and on 
the plains. For an accurate ratio both calves and 
older stock must each be counted before the group 
can disappear. Efforts are not always successful, 
and faulty reductions are necessarily discarded. In 
most cases this is the result with the larger herds; 
reliable figures derive from easily divisible groups 
composed of no more than 50 to 60 members. In 
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larger herds numerous potential opportunities are 
lost. 


The following data are taken from a field table 
where instances appear that a perfect two-way count 
was secured. The figures express relationship as be- 
tween adults and subadults as a unit, and the accom- 
panying calves of the year. Most were secured on 
the plains in November—a few in the woods at an 
earlier date. 


Ad. & Subadults Calves Ad. & Subadults Calves 
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The total is 605 larger animals to 92 ealves, or a 
calf ratio of 10.8 percent. Even the well-established 
percentage obtained should probably be accepted with 
certain reservations—for these reasons: The percent- 
age of calves in the cited groups is not 10.8% inerease 
in relation to breeding stock, but this percent is in re- 
lation to mixed breeding adults and non-breeding 
immatures of selected groups. On these the effect of 
eliminating the subadult non-breeders would be, of 
course, to raise the percentage of increase in relation 
to breeding stock. On the other hand, the groups 
listed were selected because of the presence of calves, 
and are not representative of the total population, for 
large numbers of apparently adult animals are en- 
countered destitute of calves. Among unknown fae- 
tors are the number of infertile adults, together with 
the percentage of chronic abortion eases (if such ex- 
ist), both of which have an essentially important 
bearing on natural increase. Many agents, indeed, 
may act to prevent birth and maturity of calves. 
Those which might, or do operate in Wood Buffalo 
Park include: individual infertility, abortion, natural 
death of the aged, wolves, drowning, disease, ab- 
normally deep snows with thaw and erust, and ex- 
tremely unfavorable climatic conditions at time of 
calving. More will be said of these in a later chapter. 


Little is known of the early life of the ealf in the 
wooded interior. As it grows rapidly in vigor, it is 
doubtless well able to fend for itself under the con- 
stant protection of the clan. One item of importance 
is the fact that its mother amply provides throughout 
the early weeks of scanty forage and, that when this 
infant requirement subsides, herbage is lush and 
abundant. Despite the most careful attention directed 


History, RANGE, AND HoME LiFe oF THE NORTHERN BISON 379 


to the subject, there is little or no direct evidence that 
the calves suffer from the depredations of wolves. 
Ordinarily this loss would be taken for granted, but 
wolves are not so numerous in the reserve as in early 
days on the plains, and with reduced risks the calves 
seem to be fairly secure. With a larger number of 
timber wolves the case might be different. 

Seton (1927 :3:695) makes the following interesting 
remarks regarding the early life of the buffalo calf: 

“From one or two wolves, she [the mother buffalo] 
is very well able to guard the calf; but half-a-dozen 
give a serious aspect to the situation, even though 
she stands with the little one under her body. Usually, 
however, help is at hand. Her loud, angry snort or 
threatening bellow will quickly bring the bulls to her 
ae 

“Once the calf is strong on its feet—and that means 
when three or four days old—its life is with the herd, 
and it is effectually guarded. Ordinarily, when the 
old ones lie down for the night, they may be scat- 
tered; but the near appearance of their tireless, omni- 
present enemy, the gray-wolf, is enough to make them 
rearrange their places, condensing their band; the 
bulls, as a matter of course, now taking the outside.” 


In the late fall when the herds troop down from 
Alberta Plateau to the grass plains, the calves are 
well haired, comparatively large and husky. In the 
increasing cold, they seem as well able to stand the 
climate as the older stock. Now, since they are more 
in the open, is the best opportunity to study their 
form and behavior. During the first few weeks, with 
a thin snow blanket, grazing is simple and easy, but 
in mid- and late-winter this becomes increasingly more 
difficult. At this period the calves depend upon the 
adults to uncover the forage; consequently, they may 
always be seen closely escorted by their mothers who 
root the snow aside to expose the herbage below. 
This is a laborious and time-consuming task. When 
snow becomes very deep, the high-walled grazing de- 
pressions—accentuated by the shovelling process— 
almost hide the smaller calves from view. When 
alarmed, and the herds take to flight, it is astonish- 
ing the speed and facility with which the ealves are 
able to hurtle the holes and snow hummocks and 
plough after the adults in a whirlwind of snow to 
the shelter of the forest. 

In moving from place to place the calves ordinarily 
make easy progress. The whole winter area is shot 
with a network of hard-beaten trails and in these they 
follow their superiors in single file. When new trails 
are broken the youngsters are well behind. So far 
as the writer is aware, there is no evidence that a 
calf mortality results from the normal deep snows or 
severe temperatures of the northern range. For- 
tunately, when the most trying conditions prevail 
after the beginning of the new year, the juveniles 
have reached a condition equal to all hardships im- 
posed. Observations prove that they emerge from 
the long ordeal and pass into the pleasant days of 
spring with the lusty plumpness and healthy vigor 
of the strong. 
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PRESENT DISTRIBUTION 


During the past 60 or 70 years the range of the 
northern bison has been radically altered. Thus, as 
earlier shown, of all the vast territory formerly fre- 
quented, by 1900 all remaining animals were confined 
to an area now enclosed by Wood Buffalo Park. It 
has remained so ever since. In fact, the present-day 
herds are quite content to adhere to only a portion 
of the 17,300 square miles especially allotted for their 
protection. This chiefly occupied area covers about 
8,200 square miles. In relation to bison, the park 
may be conveniently divided into three sections ap- 
proximately as follows: (a) The main winter range 
in the eastern part of the park, 1,300 square miles; 
(b) mixed summer and winter range north of the 
Peace and in the central uplands, 6,900 square miles; 
(ce) western and northern area, substantially unin- 
habited by bison at any season, 9,100 square miles. 





Fic. 10. Bison bed in the snow on the salt plain west 
of Fitzgerald, Alberta. 


Winter Range—As indicated, the chief wintering 
grounds embrace an estimated total of 1,300 square 
miles. This extends mainly from a point west or 
southwest of Fitzgerald south to Baril Lake and the 
Egg Lake sector east of Chenel des Quatre Fourches; 
north of the Peace and west of Slave River it has 
an average width of about 20 miles. In addition, a 
few small bands roam the country along the base of 
Salt River escarpment, north to the true salt plains, 
and also to the prairies between Salt River Settle- 
ment and Little Buffalo River. 

At this season, the area from the Salt River loop 
in latitude 59° 45’ to Peace River, supports the main 
concentrations; but it is by no means populated every- 
where with equal density. On the contrary, many 
loeal blanks occur where the animals are seldom if 
ever seen. Only on rare oceasions are bison encoun- 
tered in this territory during the summer—then only 
in particularly favorable areas on elevated ground. 


Such places include dry poplar woods along Salt 
Creek; localities along the middle course of Salt 


River; and less often, the salt plains bordering Salt 
Mountain. The most notable deviation from the 
western uplands ineludes portions of the Claire-Baril- 
Egg lakes sector; this is normally regarded as an 
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integral part of the main winter range, but small 
herds resort to this country at all seasons of the year. 
It is due to this late developed feature that changes 
were made in the park boundaries. In the winter 
of 1925-26 large numbers of bison crossed Peace River 
to reach the luxuriant grasslands of that quarter, 
where some have remained ever since. At this time 
the southern boundary of the reserve was described by 
Peace River, but in 1926 it was extended to inelude an 
additional 6,800 square miles south of this stream. Ad- 
jacent wooded and hilly sections afford shelter during 
the winter and a means of essential retreat in the 
high water periods of spring and summer. 

Because of the general lowland nature of this 
loeality, it was at first taken for granted that the 
herds moved back and forth across Peace River at 
the time of the mass migrations to and from the up- 
lands spring and fall. This idea has sinee been 
changed. A letter from Warden F. C. Dent refers 
to the Egg Lake herd as follows: “Some of these, at 
least, manage to summer somewhere south of Peace 
River, as does also the Baril Lake herd, for they are 
seen early each fall around Baril River before any 
buffalo have crossed Peace River in the southern 
migration.” 

This so-called migration is of relatively small ex- 
tent. It is really more in the nature of local, seasonal 
movements from one type of pasturage to another, in 
many eases involving only short distances. However, 
it is generally conceded that the permanent. bison 
groups south of Peace River are considerably aug- 
mented by a late fall or early winter influx from the 
north; and that, conversely, this is directed to the 
central uplands again in the spring. During the win- 
ter there are known to be between 400 and 500 bison 
south of Peace River. In addition there are two small 
herds composed of about 40 individuals which live 
between Lake Claire and Birch Mountain. 

In winter habit, bison are comparatively sedentary. 
Evidently the same herds may be observed in the 
same extensive meadows and plains at intervals over 
months of time. Once in selected winter quarters, 
groups are unlikely to travel very much so long as 
feed is available. Observations tend to show that 
food is seldom exhausted in the lusher areas, chiefly 
because they are so extensive. During the investiga- 
tions, the choicer tracts of the eastern range, upon 
which the herds mass for the winter, became fairly 
well known. These are approximately as follows: 
(1) Five townships of plains and prairies 

west and northwest of Government Hay 
Camp 180 sq. mi. 
(2) Similar traets west and southwest of 
La Butte 
(3) Meadows and grassy muskegs east of 
Pierre and Lynx lakes northward with 


150” ” 


attentuated adaptability to Lane Lake 50” ” 
(4) Meadows flanking Murdock Creek from 

Townships 116 to 118, with a grazing 
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(5) Grass areas west of Seow Channel and 
north of Rocky Point, Peace River .. 
(6) Township 115 at Point Providence and 
restricted sections to the north and 
northeast RO eee ae ey 
(7) Township 116, and part of 117, Range 
13, north of Peace River; embraces 
noted “Simmo’s Portage” herd, with 
extensions frequently west to Peace 
Point and northeast to Crane Lake 
(8) Territory immediately north of Lake 
Claire, northwest to Lake One, and 
apout: Hart fake... is eek PG. 7. 
(9) Egg Lake sector between Quatre Four- 
ches and Revillon Coupe, Riviere des 
Rochers and Lake Athabaska ........ ie lg 


40 sq. mi. 


70 ” ” 


on % 


Total | Bi 


Any estimate of actual pasture lands is difficult. 
Open areas are very irregular and multitudes of 
small meadows lie secreted in the forest which also 
supply feed. Likewise, the depths of the woods them- 
selves support the bison, especially during stormy, 
winter weather. Thus, while the major forage areas 
are computed to oceupy about 770 out of the 1,300 
square miles estimated for the main winter range, in 
reality the herds at one time or another appear to 
make use of most of the territory. 





Fic. 11. Winter feeding area of a bison herd in grass- 
lands near Salt River, northwest of Buffalo Landing, 
Wood Buffalo Park. 


During the two winters spent in the park, wide 
studies were made of the numbers and distribution 
of bison in this eastern section. The figures obtained 
can be only briefly referred to here. An idea of the 
comparative abundance may be gained by the follow- 
ing examples: 

In the early winter of 1932, investigations were 
conducted in two particular quadrats; these were 
each composed of two townships (72 square miles) 
of mixed forest and luxuriant grass plain—one west 
of Government Hay Camp, and the other west of 
La Butte. Together, these rendered a count of 1,818 
individuals, or an average of about 330 to the town- 
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ship. At a similar period the next season this same 
area was even more thoroughly worked, together with 
additional plains ealeulated to cover about five town- 
ships; on this oceasion the count was 1,552. Method 
was such as to eliminate the possibility of “repeats” 
by working rapidly from one quadrat to another. 
This result was 310, or a two season average of 320 
animals to each 36 square miles. 

Even in these concentration areas, the ratio of 
about nine to the square mile represents a density 
only one-third as great as computed by Seton for the 
bison of the southern plains. Aside from this, how- 
ever, it is self-evident to anyone familiar with the 
northern range, that available feed still permits great 
expansion. Mass varies from section to section in 
winter, but in superior grazing resorts at this season 
it is not uncommon to meet with 400 to 500 in a 
single township. Definite counts on the grass plain 
are automatically conservative, as numerous unseen 
clans are certain to be scattered about in adjoining 
forest, when and where observations are made. In 
practice, many hundreds may temporarily resort to a 
grassland area of only one or two square miles. On 
several occasions the writer has counted, in less than 
two townships, more than one thousand buffaloes in 
the course of two days. Population on the main win- 
ter range was estimated at between 9,000 and 10,000 
individuals. Large numbers, in addition, are widely 
seattered at this season in other parts. 

Of recent years a few small, restless herds oceasion- 
ally leave the park to feed in isolated meadows on 
the east side of Slave River. Thus, in the winter 
of 1933-34, a small band of about 40 animals crossed 
over near Stony Islands (south of Buffalo Landing), 
and another of similar size to a meadow east of La 
Grand Detour. Searcity of feed fails to account for 
this, as large quantities remain unconsumed at the 
end of winter in the eastern sector of the park and 
elsewhere. These groups invariably return to the 
reserve in early spring. Several years ago, however, 
a small herd travelled westward along Peace River to 
a point near Vermilion and never returned. This 
group now appears to be permanently located, as 
various reports concerning it in this distriet were re- 
ceived from year to year. This is the only occurrence 
of the kind in the history of the park. 

Except for a few random family groups and indi- 
viduals of small consequence, there appears to be no 
buffalo in that large expanse of country south of 
Peace River, directly west and southwest of Lake 
Claire. At long intervals the Indians report a few, 
on their signs; such, however, are nearly always in 
rolling country near the Peace. In personally traver- 
sing the region south and southwest from Jackfish to 
Spruce Point, Lake Claire, in January, 1934, not a 
single buffalo sign was noted. 

In the area west of the approximate boundary in- 
dicated for the main winter range, and north of 
Peace River, a considerable number of buffalo re- 
main throughout the winter. Observations indicate 
that these comprise about 20 per cent of the entire 
population. General distribution is west to the 
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vicinity of Jackfish River and irregularly north to 
about the headwaters of Sass and Klewi rivers. Some 
of the more attractive areas occur westward from 
Peace Point, intermittently north to Four and Coni- 
bear lakes; in the Lane-Pine-MeNeil lakes sector; in 
widely scattered local areas to Twelve and Flatgrass 
lakes; about the Ninishith Hills; and in sections east- 
ward from Sass Lake. 

A large strip of country exists between Jackfish 
River and Caribou Mountain, and north to and about 
Buffalo River and Lake, which is uninhabited by 
buffalo at any time. When the writer explored the 
latter territory in the summer of 1932, no smallest 
sign was discovered; as far as the Buffalo River was 
ascended to beyond the forks in latitude 59° 55’, it was 
everywhere evident that this semi-swampy terrain 
was not adapted to occupation by buffalo. Mellor 
(Chambers: 1914:202) came to the same eonelusion, 
in the summer of 1910, when he visited that country 
to determine the northern and western boundaries of 
the wood bison habitat. It was likewise the findings 
of MeLeod (l.¢e.:203) who, in December 1910, made 
a patrol from Vermilion to Hay River; he remarked: 
“The Indians told me the extreme western range of 
the buffalo is thirty-five to forty miles east of Buffalo 
Lake, and there is certainly no feed for them in any 
part of the country I passed over.” 

According to the natives, the prairies along the 
eastern base of Caribou Mountain were long ago in- 
habited by bison, where today they are unknown. 
This is supported by Raup’s (1933:33) statement: 
“The prairies at the base of Caribou Mountains have 
not been frequented by buffalo for many years, but 
that they were formerly inhabited is shown by old 
wallow holes found there by the writer in 1930.” It 
is his opinion that they will eventually go there 
again, probably by way of ridges which extend east 
and west across Jackfish River. 

In January, 1934, a considerable tract of country 
was covered by the writer south of the Nyarling, and 
north of Klewi River. No sign of bison was any- 
where noted. though excellent grass plains were 
crossed offering abundance of feed. In view of this, 
as well as the presence of dry, rolling ground for 
summer occupation, the total absence of sign was a 
matter of some surprise. An Indian trapper of the 
district stated that during a long residence here he 
had never known buffaloes to resort to this north- 
eastern section of the park. 

During a winter journey north of Little Buffalo 
River and west of Ninishith Hills, widely seattered 
feeding signs and trails of small buffalo groups were 
noted westward to about longitude 113° 31’. Indians 
encountered at this point reported that after hunting 
for years in this territory they never knew the animals 
to occur farther westward than about another five 
miles. From here to the Upper Buffalo River and 
the base of Caribou Mountain, the country is said to 
be consistently swampy, except for a few sandy 
ridges. Except for the latter, the entire country is 
therefore inaccessible in summer and even when frozen 
solid in winter the bison shun the greater part of it. 
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To summarize: The main winter range, in total, 
embraces an area of about 1,300 square miles with a 
temporary population of approximately 10,000 bison 
(1934) ; its western boundary is essentially delimited 
by the eastern edge of the Alberta Plateau. The 
whole southwestern extremity of the park south of 
the Peace is practically without bison, as is also a 
broad strip northward in the vicinity of Caribou 
Mountain and northwest past Copp and Buffalo lakes. 
Last is the central area, bounded on the east by the 
Alberta Plateau escarpment, and elsewhere by the 
natural grass plains limit of the winter range; on 
the south by Peace River; on the west approximately 
by Jackfish River and longitude 113° 35’; and on the 
north by Klewi and Sass rivers. This particular 
division has an area of about 3,400 square miles, 
with an estimated winter population of approximately 
2,000 bison. This is an average of 1.7 to the square 
mile, as against 7.7 animals to the square mile in 
the main winter range immediately west of Slave 
River. 





Summer Range—The main summer range lies in 
the central uplands north of Peace River and west 
of the eastern margin of the Alberta Plateau. It has 
a very irregular western limit due to a subtle and 
uneven blending of eastern upland and _ western 
swampland. With tapering outline northward, it may 
be regarded as extending to the Nyarling River. In 
addition to the main body of the uplands (in the 
extreme eastern part of the plateau), numerous rami- 
fying ridges and broadly flattened, rolling elevations 
spread like tentacles to the west. The total area of 
this complex terrain is approximately 6,900 square 
miles. Here by far the greater proportion of the 
bison spend the summer and fall. Whereas only 
about 2,000 individuals are widely dispersed here in 
winter, in summer there is an estimated 11,000 (1934). 

As in the main winter range, distribution is un- 
even. Within the limits of the summer range, the 
areas carrying the greatest amassments together total 
far below that stated for the entire territory. In 
fact, it is doubtful if ninety per cent of the whole 
assemblage habitually occupy more than 1,500 or 
1,600 out of the 6,900 square miles available. The 
remainder of the animals are normally seattered with 
progressive scarcity toward the western and northern 
margins of the range. Even in central sections, sum- 
mer oceurrence is very irregular. Some localities 
have few or no bison, as large areas are low and 
swampy and unfit for grazing at this season. In 
other places again, the animals are plentiful. Supe- 
rior forage is the controlling factor. This is found 
principally in the numerous attractive prairies and, 
to a lesser extent, in the associated, deciduous wood- 
lands. 

Tracts notable for the abundance of bison naturally 
oceur along or in the general vicinity of trunk trails, 
which, with radiating branches, tap the best upland 
feed. Many fine areas occur. Outstanding are sec- 
tions along Peace River from Peace Point west to 
Jackfish; over the benchlands for many miles directly 
north of Peace Point; from Moosehorn Slough and 
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Cherry Mountain brokenly to Pine Lake; and from 
here northward to Grassy Slough, Junction and Flat- 
grass lakes. There is also a tongue of occupation 
eastward toward the Salt River loop, and northward 
along the crown of the searp, west of Little Buffalo 
River, as far north as Sass River. Another extension 
takes a northwestwardly course over rolling uplands 
from the Flatgrass Lake-Little Buffalo River Falls 
sector to the Nyarling River. It is problematical if 
buffalo are found at the present time as far north 





Fie. 12. 


A bison waterhole in a semi-open section of 
the summer range two miles south of Junction Lake and 
about 15 miles north of Pine Lake. The hillside is com- 
pletely denuded of vegetation by the trampling of herds 
going to water. 


as the central Nyarling. No sign, recent or old, was 
seen by the writer, in the summer of 1932, anywhere 
along the lower Nyarling to longitude 113°40’ W. 
That they formerly roamed around the middle and 
upper course of this stream, however, is evident from 
the findings of Seton in 1907 and Seibert in 1922. 

Evidence makes it clear that fine, rolling, upland 
country is irregularly continuous from the celebrated 
summer bison range in the Flatgrass Lake and 
“searp” district, northwestward past Sass, Klewi and 
Nyarling Rivers to at least Buffalo River. The mar- 
gins of this terrain, however, is nearly everywhere 
very rugged and hard to define, and the surface is 
sprinkled with innumerable small bogs and larger 
stretches of muskeg. 

The Indians report a part of this northern range 
as habitually occupied by considerable numbers of 
bison during the summer. The herds move over well- 
defined trails from the Flatgrass-Salt Mountain sector 
as far northwest at least as Klewi River. The 
writer’s chief informant was the Indian, Sousi Marie, 
of Salt River Settlement, who is said to have a more 
intimate knowledge of the northern area than any man 
living. Sousi stated that as early as 1929 he saw 
Wainwright buffalo on the uplands as far north as 
Klewi River and that trails, progressively dimmer, 
exist over fine forest-prairie feeding areas to the 
Nyarling. He was not certain that bison still existed 
in the extreme north, though they did up to a few 
years before. It may be mentioned that in 1890, Pike 
(1892 :145) found bison within at least 40 or 50 miles 
of Great Slave Lake, and McCallum (Harper, 
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1932 :34) reported them within 20 miles of there in 
the winter of 1912-13. 

It may be appropriate at this point to introduce 
the subject of the alleged division of park bison into 
distinet northern and southern herds. This idea ap- 
pears to have been prevalent for many years. Evi- 
dently the first suggestion is contained in a report by 
Jarvis in 1897 (158-69); this referred to one group 
ranging from Peace Point to Salt River, and the 
other from above the latter stream to a point about 
20 miles distant from Great Slave Lake, with the 
supposition that the two never mixed. This idea was 
reiterated in several later reports. In 1922, Seibert 
(1922) placed the dividing line on his map along the 
upper valley of Little Buffalo River. 

Subsequent investigations show that no real barrier 
exists. To account for the apparent division, it had 
been variously intimated that it was caused by im- 
passable muskeg on the one hand, or repellent, barren, 
sandy country on the other. Neither of these are 
tenable, for, while large muskegs are impassable in 
summer, they are no longer so when frozen in winter; 
and as for sandy, Banksian pine areas, these are 
regularly traversed for long distances even though 
they have no forage possibilities of any importance. 
Both these natural features exist between the Little 
Buffalo River and the area in the Northwest Terri- 
tories, with muskeg to the west and sandy uplands in 
the east. The latter provide the very means of inter- 
communication supposed not to exist. Today there is 
common interchange in the easily traversed uplands 
of the eastern margin of the Alberta Plateau. That 
interpenetration also occurs farther west is shown in 
the succeeding allusions. 

In the summer of 1933 the writer found a well- 
defined bison trail in the Ninishith Hills both south 
and north of Little Buffalo River. Evidently the 
same was observed by Camsell (1902:155-56) and 
Raup (1933:31-32). The Indians assert that this 
notable ridge is continuous from this point northwest 
as far at least as Copp Lake, and that a buffalo trail 
(at times interrupted) follows it to about the latter 
locality. This is doubtless the same ridge as observed 
by the writer north of Buffalo Lake trending north- 
west-southeast, from the direction of Copp Lake. In 
the summer of 1922, Seibert found buffalo roughly 
along this line at several points between the head- 
waters of Klewi and Nyarling rivers and signs were 
also seen near the latter stream to about latitude 
60° 28’. 

Seattered bison trails were personally seen in 
March, 1934, at various points in and about Ninishith 
Hills, north of Little Buffalo River. A well-beaten 
trail followed the main ridge in this sector and ap- 
peared from the character of the locality to be iden- 
tical with a main summer trail reported here by the 
Indians. This trended from the direction of the 
southern Ninishiths and almost certainly connected 
with a well-known trail on a major ridge east of 
Conibear Lake. Rivers present no obstacle to passage 
along such main routes, but if muskegs are encoun- 
tered, they are detoured. In this and other west- 
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central localities, bison are never so common at any 
season as farther east. The farthest western point 
where summer buffalo were personally noted was at 
the west end of Conibear Lake. A few occur in the 
hilly country near Lake Four and on the successive 
benchlands and ridges north of Peace River, westward 
almost to Jackfish. 

Summer residents also roam south of the Peace, 
eastward from Lake One. The majority spend the 
season in hilly land neighboring upon Baril and Egg 
lakes. Warden F. C. Dent stated that recently a 
herd had resorted for most of the summer to an area 
between Revillon Coupe and Rochers River; also that 
a small group of 8 or 10 head spent the summer of 
1935 immediately west of Scow Channel south of the 
30th baseline. It is interesting to note this aberration 
in view of the fact that wide areas were flooded 
along the lowland streams in the summer of 1935, 
which under normal conditions are accessible for 


forage. 
SEASONAL MOVEMENTS 


By far the greater number of bison execute two 
distinct seasonal movements, varying somewhat in 
time and length. These occur alternately spring and 
fall, to and from the uplands of Alberta Plateau, and 
the plains and prairies west of Slave River, respec- 
tively. Motivation centers on the supply and acees- 
sibility of forage as reflected in summer and winter 
conditions. These long recognized seasonal manoeuvres 
are customarily referred to as migrations. In view 
of general scope they can searcely be dignified by 
this term. While some of the bands certainly make 
a considerable trek, for the majority the movement is 
markedly loeal. It is but adventitious that some far- 
outlying upland groups have a lengthy journey to 
perform in reaching the eastern plains for the winter. 

The movement bears no direct or essential relation- 
ship to climatie conditions, elevation, or orientation. 
It is therefore not an urge to escape cold, or to push 
southward in the fall in harmony with the ordinary 
urges of migration—as it applied, for instance, to 
the true bison migrations on the southern plains. 
North of the Peace, in fact, most of the movement 
is to the east; for animals in the northern area this 
becomes south and east; and for those toward the 
southern Jackfish sector it is to the east and north- 
east. In short, from a fan-like dispersal to and 
over the summer range from the eastern plains in 
the spring, there is a corresponding convergence upon 
them again in the fall from all western points. 

The extent of these so-called migrations may be 
examined in greater detail. As observed, the main 
winter focal point lies in the eastern park zone— 
namely, from about Darough Creek north to the lati- 
tude of Fitzgerald. In -practice, the centrical tract 
may be taken as the plains in latitude 59° 30’-35’, ten 
miles west of Slave River. Consequently, the air- 
line length of autumn journeys performed by bison 
from western upland points to this zone may be 
expressed as follows: from the Cherry Mountain-Pine 
Lake sector, 20 miles; Moosehorn Slough, 22 miles; 
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Peace-Jackfish locality, 54 miles; Lake Four, 46 
miles; Conibear Lake, 55 miles; Junction Lake, 25 
miles; Flatgrass Lake, 42 miles; Ninishith Hills 
(Little Buffalo River), 54 miles; Klewi River (longi- 
tude 113° 40’), 84 miles; Nyarling River (longitude 
114°), 105 miles. 

These caleulations are greatly simplified. In reality, 
actual individual marches are probably very complex. 
Some nearly stationary groups, near the eastern 
fringe of the summer range, are possibly obliged to 
travel only 5 or 10 miles to reach winter quarters. 
This could apply, with due east course, along a front 
about 70 miles in length. On the other hand, some 
of the bison in the remoter parts of the summer range 
may travel as far as 150 miles, or more, to reach 
winter pasturage, or a round trip of about 300 miles 
per annum. 

To fully understand the cause and effect of this 
pilgrimage and distribution, an intimate knowledge 
is required of park topography and floral associations. 
Between the map and the discussions under “Environ- 
ment,” this is fairly well provided. To a large de- 
gree the matter primarily hinges on salient physical 
features. Not only is this true of the major spring 
and fall travels, but also of local dispersal over the 
summer range where the northwest-southeast trend 
of the ridges plays a prominent part. 

With the approach of spring when the grassy low- 
lands begin to thaw and flood with snow water, the 
herds start to move more or less methodically west- 
ward. The principal movement occurs in late April 
or early May. Withdrawal is so comparatively long 
and gradual, in relation to individuals and separate 
herds, that the visible process is much obseured. As 
winter conditions persist into early April, no marked 
recession would ordinarily be expected until this time. 
Such, however, is not the ease. A close study of 
movement in the late winter and spring of 1933 and 
1934, indicated a much earlier beginning. Thus, by 
the third, or last week of February, it was plain that 
already the animals were not so numerous anywhere 
in the Slave River lowlands and immediately west as 
earlier in the season. The condition was progressively 
more noticeable throughout March. By early April 
abundance had greatly diminished in more eastern 
sections, clearly pointing to a wide evacuation of this 
territory. The conclusion is that the animals now 
retreat to the mixed meadow and timbered areas be- 
tween the grass plains and the sloping, eastern mar- 
gin of the Alberta Plateau. This is borne out by 
observations in the uplands during March and April 
when distribution evidence, as compared with mid- 
winter, remains practically unchanged. 

At no time does the westward trek appear to be 
generally in concert. There is this primary urge at 
the outset, followed by weeks of leisurely departure, 
until finally the last laggards quit the plains. The 
earlier migrants at first appear to go no farther than 
the eastern margin of the uplands. Various observa- 
tions indicate that during some phase of the move- 
ment a large number of calves are born somewhere 
in this more eastern zone of the higher land. The 
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major push west is likely governed by the growth of 
new herbage; this in turn depends on vanishing 
snow and succeeding warm weather in a region whose 
seasonal variability in date differs as much as two or 
three weeks from year to year. 

Earliest arrivals in the uplands first feed extensively 
in the vicinity of streams and about the margins of 
ponds, marshes, and sloughs. Here the growth is 
rapid and at the height of the season luxuriant. 
Later, the mixed woods on elevated ground become 
an important source of feed, producing rich pastur- 
age in vetch, peavine, and upland grasses. So abun- 
dant is this supply, that many areas in the midst of 
the summer range are scarcely touched by the end of 
the season. Again, certain prairies near water are 
completely denuded. As the season advances, so do 
the herds move west and north. They do not become 
really numerous here, however, until at least middle 
June. Mass movement soon prevails with spread to 
the remoter parts in time with developing vegetation, 
which is somewhat later than in the eastern lowlands. 

The majority of bison with the newborn ealves split 
up into small herds, or family groups, to tarry in 
the east-central belt of uplands with their poplar 
woods and highland prairies. The remainder push on 
into smaller areas among the muskegs west and north. 
Large quantities of succulent grasses flourish in both 
situations. Even the best of districts hold bogs and 
impassable muskegs, entailing wide diversions during 
the nomadic existence of summer; this is further 
accentuated by the presence of barren sand ridges, 
many of which are grown to Banksian pine forest. 
Regardless of their extent, the bison drive trails across 
such tracts to reach good pasture on either side. 
Even these sandy areas, however, fit into the scheme 
of things. Here during fly time the bison resort to 
thousands of sand wallows to escape their tireless 
tormentors. Daily routine appears to be a more or 
less regular pilgrimage from prairie pastures, to sand 
and earth and even mud wallows, which are found 
in nearly all types of woodland. Movement is fur- 
ther actuated by heat and thirst over a maze of trails 
to river, pond, or sinkhole, and many visits are made 
to salt licks along the eastern fringe of the plateau. 

In sections of even the best upland forage areas 
water may be searce; if not actually wanting, it may 
nevertheless be brackish and unfit to drink. This 
again, at the height of summer, demands increased 
activity to reach more distant sources. Between Salt 
River (north of Pine Lake) and Junction Lake, for 
example, the only good watering place appears to be 
Grassy Slough, these two points by trail being about 
16 miles apart. North of Junction Lake waterholes 
are widely separated. Again there is a comparable 
lack through the sandy uplands from Pine Lake to 
Moosehorn Slough. Notwithstanding this, however, 
the bison readily surmount the shortage; it is seen in 
the multitude of trails widely converging upon the 
better waterholes. 

So, between forage, waterholes, wallows, salt licks, 
and intervals of rest, the summer is whiled away. At 
best it amounts to about 8 or 10 weeks, the great 
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part of the time enlivened by the savage onslaughts 
of flies and mosquitoes. Finally a respite comes with 
the cooler days of early August. But no sooner is 
this gained than the rut spreads its feverish excite- 
ment among the throngs to madly dominate mood, 
activity, and appetite day and night. In the latter 
part of August calmness comes in keeping with the 
mellow tranquility of early autumn. The herds now 
begin to move slowly south and east from the 
summer range. This continues in the same leisurely 
fashion throughout September. All trunk trails are 
deeply and freshly worn, while wallows fall more and 
more into disuse. The keynote is dalliance, a eon- 
tented lingering in upland prairies, an insect-free 
repose, a gentle, prolonged retreat to the margin of 
the winter plains. 

Invasion of the latter territory awaits the freezing 
of the ground. Wide reaches are soft and boggy to 
defy ingress by such massive animals. But so soon 
as they lie like armor plate under the deeply pen- 
etrating frosts of late fall, the luxuriant herbage is 
available to all. This usually oeceurs about the 10th 
of October. By the latter part of the month, or early 
November, the western uplands are almost deserted. 
The herds, now enlarged by gradual increments, 
troop in maximum numbers through a belly-deep for- 
age across the plains. Here in sedentary repletion 
they spend the ensuing six months of winter until 
once more spring calls from the woods and prairies 
of the western interior. 


INFLUENCE ON ENVIRONMENT 


On Physical Surroundings—Considered as a whole, 
Wood Buffalo Park bison exert little lasting effect 
upon their physical surroundings. Such impressions 
as they make-—principally in the way of trails and 
wallows—are of a -more or less ephemeral nature; 
were these outgrowths not periodically renewed, they 
would soon be obliterated by the normal forces of 
nature. The animals are free to roam over so large 
an expanse of country that their influence is com- 
paratively insignificant. Multitudes of dry wallows 
are among the outstanding signs of occupation. Most 
of these are created during the height of the fly 
season when the animals roll furiously every day to 
dislodge swarms of mosquitoes and “bulldogs.” In 
doing this, round or elliptically shallow depressions 
are eroded in the ground, stripped of all vegetation, 
and in the majority of cases, the top soil is also com- 
pletely removed. 

These hollows are normally rather superficial, 
saucer-like, and from six to fifteen feet in diameter; 
depth varies from mere impressions when new, to a 
foot or more when old. Here and there on the range 
are very large examples which no doubt have been 
used for many generations. While usually on level 
ground, some are located on gentle hillsides; in such 
eases the inner portion may be eut down a full three 
feet so as to be levelled off to the lower rim. The 
great majority of wallows are seen on sandy ridges 
among the pines, or on similar ground of broader 
uplands. A few are met with in hardest clay. Dur- 
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ing summer they are the most familiar reminders of 
the wide wandering bison and very old wallows may 
be discerned to prove former occupation where the 
animals at present are unknown. 

Thousands of these wallows exist over the summer 
range. Most are widely scattered about, but occa- 
sionally they are prolifically concentrated on a few 
acres of ground. Wallows are nearly always accom- 
panied by rubbing posts, as they are complementary 
to each other and serve much the same end. Several 
such major wallow-rubbing tree resorts oceur along 
the main trunk trails; they are particularly notable 
in the Junction Lake-Grassy Slough-Pine Lake sec- 





Fie. 13. 
forest near Pine Lake. This exampie covers several acres. 


A bison wallowing area in Banksian pine 


Note the bark removed from ‘‘rubbing trees.’’ 

tor. A magnificent compound wallow lies in a sandy 
pine tract about one mile northwest of Pine Lake. 
This is on the main migration trail, and a short dis- 
tance south of “Graham’s Ford”’—the chief buffalo 
crossing of Salt River. 

In this, and similar fly-fighting bivouaes, the wal- 
lows are thickly situated in glades and among the 
trees: Their edges often meet, or overlap, and in 
some cases become so completely merged that the 
ground over a wide space appears as one huge ean- 
tonment. In semi-open forest the wallows are neces- 
sarily hedged about by trees which from the violent 
actions of the animals have the bark deeply scored, 
frayed, or entirely removed. During the height of 
their use in summer a characteristic buffalo odor 
permeates the atmosphere and it is strong in propor- 
tion to the receney with which the animals have been 
present. Deep scorings in the soil are also met with, 
caused either by bulls in combat, or more commonly 
from the act of shooting earth over themselves with 
the front feet. 

The principal wallowing season is from late June 
until early August. This is coincident with, and the 
result of, the period of maximum heat and flies. 
While rolling is chiefly induced by inseet irritation, 
the act must also have an otherwise cooling and sooth- 
ing effect. Evidences of this were seen in freshly 
opened cavities in late spring, and again well into 
September, before and after the fly season. At these 
times the habit is little practiced in comparison with 
mid-summer, but the bison delights to roll much of 
the time from spring until fall. 
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A notable haunt is a place known locally as “Five- 
acre Wallow.” It is situated at the source of a small 
tributary to Salt River a few miles southwest of 
Raup Lake. This is distinguished, so far as the 
writer knows, from all other resorts of like extent in 
the park. Unlike most, this is largely a wet one, 
where more like swine than bison the animals roll 
in a welter of mud, water, sphagnum moss, ete. Indi- 
vidual mud wallows of this character are scattered 
about on the springy ground among spruces, willow 
and alders. It is an extraordinary rendezvous in the 
cool shade and seeping water of the swamp, which 
is regularly visited by hundreds of animals over 
deeply worn trails. 

Buffalo trails invariably capture the interest and 
imagination of the park traveller. A great network 
has been established over the face of the country. 
Even in the better-known parts of the summer range 
they can never be more than casually explored be- 
cause of their length and intricacy. To follow and 
plot the trails would require years of effort, for the 
network spans hundreds of miles of territory. Their 
origin doubtless lies in a remote past—sinee then 
pursued, eroded, freshened, or restored by the plod- 
ding passage of many feet. As with wallows, the 
distinguished examples for age, depth, and multiplicity 
occur in the central part of the range, where most 
of the bison assemble during the summer. Other 
trails again meander widely over less frequented moor, 
steepe, and ridge, far to the north and west. 

Notable engineering skill is shown by the bison in 
projecting these numerous trails. They are pushed 
far and wide through all sorts of hill and forest 
country, over the best ground available, at the same 
time evading treacherous bog and muskeg. Under the 
complex conditions existing in the forested north, it 





Fie. 14. 
ridge territory south of Cherry Mountain. Bison trail on 
the right. 


An individual bison wallow in sandy, pine 


is undoubtedly a shrewder expression of downright 
trail-making ability than the bison of the southern 
plains were ever called upon to exercise. 

Regarding these northern trails Graham (1923:9- 
10) says: “Just as on the plains, where highways 
and railways have followed old buffalo trails as the 
best route from point to point, so in the wood buffalo 
habitat, the trails made by the buffalo are the most 
direct and best located routes to follow when travel- 
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ling through the range. They are the easiest and 
shortest way through forest and muskeg and between 
the heads of rivers. The buffalo trails are used by 
the Indians. At small expense they can be made into 
first-class pack trails and some of them have already 
been converted to that use.” 

The truth of these remarks can be verified by any- 
one who spends considerable time in Wood Buffalo 
Park. Practically all travellers in the region have 
been aided by the bison in this manner. The writer 





Fie. 15. Bison trail in late spring leading across a 
meadow into forest on the Slave River lowlands west of 
park headquarters. 


is particularly indebted to these far-flung pathways 
for successful passage in many parts of the range. 
In unorganized sections they are often the only routes 
available. Park roads and trails today closely fol- 
low buffalo routes from Salt Mountain to Pine Lake, 
and from there to Conibear Lake and Peace Point, 
and to a more limited extent east to the Slave. Many 
other possibilities along these lines remain to be 
developed. 

A primary trail runs roughly north and south 
through the principal summer range. With a ser- 
pentine length of more than 100 miles, it persists 
from the vicinity of Point Providence, Peace River, 
with little interruption to at least the latitude of 
Flatgrass Lake. Oceasionally it is obseured in broad 
patches of prairie, but beyond, it reappears as plain 
as before. In some places these major trails are 
deeply worn and elaborated through years of use, 
being about a foot in width, and often multiple in 
character. Sometimes as many as a dozen or more 
lead on side by side through forest and prairie. The 
strip of ground thus occupied varies from 60, or 70, 
to more than 100 feet in width. The most astonish- 
ing aggregation observed occurs between “Graham’s 
Ford,’ near Pine Lake, north past Grassy Slough 
to a point about four miles north of Junetion Lake. 
Here the main trails branch off in a northwestwardly 
direction. These presumably reach the Flatgrass Lake 
district, to become re-directed to the northern area 
and the Ninishith Hills. 
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South of Junction Lake, deep, composite trails also 
connect the important thoroughfare referred to, with 
“Five-acre Wallow” and other local points. These 
are the finest examples known in Wood Buffalo Park. 
Well-marked highways also follow ridges from the 
vicinity of Cherry Mountain to Conibear Lake and 
the Ninishiths; from the Moosehorn Slough district 
to the northwest and east-southeast; and in rolling 
terrain between Pine and Lane lakes and more south- 
ern localities. In addition to these, a veritable net- 
work of secondary trails intersect forest and prairie 
of which, at present, we have little or no knowledge. 

Some of these more random paths, we know, are 
not so methodically followed. As they successively 
converge upon the better secondary trails, however, 
they become increasingly worn until the climax of 
wear and tear is reached on the trunk highways of 
the central range. From these, the innumerable routes 
spread fan-like in all directions to local or more dis- 
tant pastures. Trails which lead to superior wallow- 
ing and feeding areas are always conspicuous. Pri- 
mary trails are instantly recognized by their deeply 
eroded character. These are frequently a foot deep 
and occasionally reach two feet where they cross low 
undulations of light soil, or cross damp, spongy 
ground in dense spruce forests. In the latter places 
the soil and moss mantle is deeply trampled until 
large tree roots are prominently exposed. Trail depth 
varies widely depending on the nature of the ground 
and amount of traffic. On hard, sun-baked clay 
prairie, for examp!e, only a moderate impression is 
made, though the general run of ordinary trails is 
from three to six inches deep. 





Fic. 16. Winter bison trail in Banksian pine forest on 
the Ninishith Hills five miles north of Little Buffalo 
River. 


Where major trails oceur on acute slopes, rains 
often tend to deepen the cuts. In some situations, 
erosion may be so great, together with boulder out- 
wash, as to cause abandonment in favor of new, 
parallel routes. Within reasonable limits, however, 
the bison will thread very rugged terrain. It was 
not observed that they had driven trails into the 
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eanyon of Little Buffalo River, but near by they 
descend the steep, 200-foot escarpment of Salt Moun- 
tain to reach the salt springs at the base. In winter 
quarters, the more permanent trails are within the 
margins of the neighboring forest; those in the snow 
of the plains make little or no impression on the turf 
and are rapidly obliterated by spring thaw and sub- 
sequent growth of vegetation. Any effort to compute 
the lineal extent of park buffalo trails may be idle, 
but it may be said with reasonable assurance that 
trunk and better secondary trails alone cannot be less 
than 800 to 1,000 miles in length. 

On Plant Cover—The clearest visible mark of the 
bison on his plant surroundings is that exhibited in 
rubbing trees, or “rubbing posts.” They are found in 
every part of the oceupied range; especially are they 
striking and abundant in those haunts frequented dur- 
ing summer. In some respects they are more promi- 
nent than either trails or wallows, inasmuch as when 
the latter are covered with snow, the rubbing trees 
are still exposed. Thus, during winter travel, these 
signs are normally the only ones seen to prove the 
extent of summer distribution. 

Trees habitually used are rubbed smooth, the bark 
completely removed and the wood polished to a glossy 
amber, or mahogany color. Examples are commonly 
noted with the rind thus entirely ripped off from 
near the ground to a height of six or seven feet. The 
Banksian pine chiefly suffers, though spruce, poplar, 
tamarack, and willow come in for similar use and 
abuse. In the ease of willow and spruce that are at- 
tacked infrequently, or but once, the cortex hangs 
frayed in long tatters still adhering top and bottom. 
This, and the deep scoring of thick conifer bark, 
proves that in addition to scratching the epidermis, 
the animals viciously plough the tree with their horns. 
The greater part of such work is unquestionably in- 
dueed by the irritation set up in the skin at the horn 
bases as a result of insect attacks. Further evidences 
of this feverish activity are the tufts of hair and 
wool left lodged on the tree trunks. Where available, 
stumps, snags, and the roots of fallen trees are also 
utilized as rubbing posts. Large boulders were the 
affection of plains bison, but they are rare in the re- 
serve. Where used, they are rubbed to an oily smooth- 
ness, while the ground is deeply trenched around 
them. 

Ordinarily, the local abundance of rubbing trees is 
closely associated with a profusion of wallows. In 
such places the lower bark is rubbed off most of the 
trees over a wide radius. Rubbing trees are usually 
common along trunk trails, in the vicinity of water- 
holes, salt-licks, favorite pastures, wallows and fords. 
They are also numerous in the borders of woods 
flanking plains of winter feed. That they are also 
employed during the colder months is self-evident 
from various signs. Itchiness of pelt apparently ob- 
tains at all seasons, but shaggy trees and knotty 
stumps are in special demand during the time of 
sloughing the old pelage in late spring. 

The great majority of larger trees used (and these 
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chiefly pines), though completely girdled, still re- 
main alive. Some of the most remarkable of rubbing 
resorts occur in living forest. Occasional examples, 
however, are apparently killed by this treatment. 
Many young pines and spruces are overridden, bent, 
broken, torn up by the roots, and destroyed. Willow 
thickets are sometimes so thoroughly slashed, barked 
and slit as to be literally beaten to death. In such 
scenes, depicting almost cyclonic violence, the pon- 
derous, swashbuckling power of the bison becomes 
very real indeed. Owing to the vast extent and peren- 
nial growth of the primitive forest, such damage is 
quite insignificant. None of it is of more than fleet- 
ing loss and certainly no damage is of measurable 
or lasting effect. The only areas denuded of herbage 
are about waterholes, approaches to fords, ete., and 
these are small, while sterility caused by wallows is 
trifling. Even the great wallow areas, lost in the im- 
mensity of the reserve, occur for the most part in 
sandy, unproductive tracts, and thus make no en- 
croachment upon potential feed. 

Grazing, as presently observed, has only very mod- 
erate effect upon the feeding areas. The hardy vege- 
tation springs afresh year after year with no sign of 
depreciation; the luxuriant abundance of forage 
keeps pace with, or far exceeds the rate of consump- 
tion. Failure of wild herbage is regionally unknown. 
Even in areas of winter concentration the bison has 
never yet consumed all the feed and the growth is as 
thick as ever by the following autumn. 

In relation to the whole, destruction of shrubbery 
and saplings in woodlands and on the borders of the 
meadows is very limited. In the few eases of localized 
trampling and destruction of shrub borders the trend 
is more rapid and convincing. Outstanding examples 
of denuded tracts exist especially about drinking 
centers; where these occur in wooded areas, herbage 
and shrubbery are erased. At sink hole ponds in 
semi-wooded, or open upland prairie, the habitual 
campaigning of herds utterly destroys the turf, to be 
replaced by wastes of naked earth. 

On the other hand, maintenance of liberal growth 
is directly achieved by the bison in the process of 
natural fertilization. “Buffalo chips” from many 
thousands of these animals cannot but have positive 
effect. Anyone who has seen the great quantities of 
this material distributed in a single season, over plain 
and meadow, is impressed by the possibilities. This 
is well spread one season with another. Observations 
lead to the belief that in some instances, at least, 
grazing areas are not fed over by the herds with 
equal intensity during successive seasons. Somewhat 
like the: reindeer and barren-ground earibou, there 
appears to be a periodic swing from area to area, 
thus evoking complete restoration with maximum 
vield. 

There is no direct evidence that the bison is re- 
sponsible for dissemination of plant life. As a pos- 
sible agency, he would not equal, for example, the 
direct result achieved by birds, squirrels, ete., where 
varying-sized seeds are seattered to germinate widely 
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from their places of origin. That some types of seeds 
could be easily transported in the woolly pelage of 
bison, as in the ease with range eattle, is a foregone 
conclusion, but any evolution by these means in the 
distribution of vegetation in Wood Buffalo Park 
would have slender effect. 

On Animal Associates 





Non-predacious and ex- 
clusively herbivorous in character, the bison appears 
to exert only a slim and oblique influence upon the 
associated fauna of the range. The mere condition 
of occupancy may have some bearing upon distribu- 
tion and abundance of such animals as moose and 
deer, though nothing definite is known on this score. 
It is believed that the presence and attitude of bison 
has little bearing on the general situation. 

It is true that moose are most abundant in the 
western districts where bison are searce, or entirely 
absent. This, however, is merely fortuitous, as the 
environment there is unfit for bison, but favorable for 
moose. The latter may thrive where the former will 
not go. On the other hand, moose are common in c¢er- 
tain more eastern districts, especially in winter, where 
there appears to be an entirely satisfactory joint oe- 
cupation with many thousands of bison. 

Until about 1924, the mule deer was unknown in 
Wood Buffalo Park. It has since invaded the coun- 
try, increased in numbers, spread northward over the 
winter and summer ranges of the bison, and has even 
reached the neighborhood of Buffalo and Great Slave 
lakes. This multiplication and spread has therefore 
been locally coincident with the increase of bison. 

At the present time woodland caribou only barely 
reach the range of the bison from the west (in win- 
ter, from Caribou Mountain), but it was formerly 
distributed throughout the whole of the country oe- 
cupied by the wood bison. It is quite evident from 
these brief facts that the various northern members 
of the Ungulata exist together on agreeable terms; 
and that the bison does not dominate the territory to 
the exclusion or appreciable detriment of other big 
game animals. This is a decidedly important cireum- 
stance and interesting in view of the magnitude of the 
bison population of the north. 

As there are no bonds, or clashing of essentials for 
survival as between the bison herds and the lower 
animals, the latter do not necessarily concern us. In 
passing, however, it may be of interest to note that 
personal investigations have found affiliated with the 
range a total of at least 46 species of mammals and 
217 of birds. The faunal aggregate is therefore ex- 
tensive, rich in members, and of particular economic 
value in respect to its big game and fur-bearing ani- 
mals. Indirect relations are set up between the bison 
and many of these, through a common use of the for- 
mers’ numerous trails. Thus both moose and deer are 
known to use them and it is a consistent practice with 
foxes, wolves, coyotes, lynx, and other fur-bearing 
animals. 

Because of the predaceous habits of the timber 
wolf, this animal is brought into closer and more 
serious relationship with the bison than any other 


History, RANGE, AND Home LIFE oF THE NORTHERN BISON 389 


species. It is now well known that wolves prey upon 
the northern animals, a subject which will be fully 
treated in a latter place. The coyote, or brush wolf, 
is thought by some persons to have somewhat similar 
tendencies, but considering their size and relatively 
low numbers on the northern range, the writer cannot 
regard them seriously. : 

Of all the bird species on the range, the cowbird 
or “buffalo” bird is evidently the only one which es- 
tablishes a close affiliation. Here, as it formerly did 
with wild herds on the southern plains, it devotes 
hours to feeding on insects about the beasts on the 
ground, or upon their backs. The sight is not so 
familiar as in lower latitudes among eattle, as here 
the cowbird is much less common. Other birds are 
helped by the bison through a supply of soft nest- 
making material, for sharp eyes can find an abun- 
dance of their hair and wool left throughout the 
forest. It is possibly employed in a like manner by 
many of the small rodents. 


MATURITY AND OLD AGE 


Growth and Maturity—The period of development 
in the bison is comparatively long. It is generally 
conceded that full growth is not reached until the 
seventh, eighth or possibly the ninth year. After this 
is attained the increments of advancing age are in 
many features rather rapidly and unmistakably im- 
printed. In addition to the huge bulk, there is a pe- 
culiar hoariness of pelage, roughness and curvature 
of horn, a raw-boned appearance and ponderous dig- 
nity of gait that bespeaks the passing years. 

Barring accident, the animals live to a sound old 
age. Various evidence puts this between 30 and 40 
years. Detailed observations in Wood Buffalo Park 
have been so recently begun that there is no direct 
information on this score, but it is logical to presume, 
with the healthful conditions of the north country, 
that the span of life there is at least no shorter than 
in more southern, districts. 

An oceasional animal was seen by the writer in the 
northern reserve, which appeared very old. There 
were, of course, wood bison—grand old monarchs 
whose enormity and time-worn ripeness was startling 
in comparison with the rank and file. When it is 
taken into account that the larger number of Wain- 
wright transfers were known to be now between eight 
and twelve years of age (therefore in the early flush 
of maturity) the contrast shown in those few seat- 
tered veterans of the range spoke eloquently of hoary 
age. In every instance these individuals were lone 
bulls, doubtless outeasts from the herds, and in the 
final years of senility. 

Mating Season—The period of rut commenees in 
Wood Buffalo Park sometime during the early half 
of August. It is first indicated by restlessness, inter- 
rupted feeding habits, and initial fighting of the bulls. 
Up to this time the clans and small herds, with young, 
are notably secretive and even timid, but now the 
older stock becomes bolder, more assertive, and even 
threatening. The matured bulls go on a full rampage 
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and seem aching for limitless trouble. Where all was and the offspring of several generations, from three- 


formerly peace and quiet, now bedlam is let loose as 
the bulls fight for supremacy. While this takes place 
on all parts of the summer range, the greatest dem- 
onstrations seem to be staged in the central districts 
north and south of Pine Lake. 

As the ambitious young bulls come to breeding age, 
they are ever anxious to test their claims for leader- 
ship. In this testing out, battle upon battle ensues 
until one after the other emerges defeated, or vie- 
torious. Where the aspirant is young and possibly 
ousted this season, he may be more successful next. 
Death is evidently rare for either combatant (if it 
ever occurs), for nothing was seen of this, or evidence 
even of severe injury. It is said that an old bull when 
once driven from the herd never seeks to regain his 
former position. 

Because of the bull’s faultless conduct toward the 
calf, many observers regard the species 
mous. Others again maintain that there is no individual 
mating, as implied by a state of monogamy, and that 
the animals are either promiscuous in their relations, 
or extremely polygamous. Associations vary so much 
on the range, at different seasons, that it is difficult 
to come to any definite conclusion. In some instances 
it would appear that a strong bull has driven away 
all others to take possession of a harem; but cireum- 
stances are not always what they seem to be, for in 
a clan there may be several related, non-breeding fe- 
males of apparent maturity. Certainly there are 
plenty of instances on the northern range to suggest 
monogamy; it is especially noted where a large bull 
is accompanied by a single undoubtedly mature cow, 


as monoga- 


or four-year olds to calves of the year. Such elans, 
or multiples of these, are commonly seen in summer. 
In the large, mixed herds of winter, relationship, 
most of the time, is completely obseured. 

While the running season may begin in late July, 
the writer has no proof of this for the northern re- 
serve. He believes that it does not normally begin 
until a later date; reports from wardens also support 
this conclusion. If true, it indicates that the breeding 
season commences somewhat later than was the ease 
on the southern plains and there is also evidence that 
it is shorter. Both conditions are to be expected. 

A good description of the rut was secured from 
Wardens R. Allan and 8. Rose in the summer of 1932. 
With pack and saddle horses they left for Pine Lake, 
during the first week of August, and after three days 
had reached a point near Cherry Mountain. Here 
they pitched camp preparatory to clearing windfall 
from a length of trail. In the initial stage of the 
journey, nothing untoward was observed, but a few 
days later it was evident that the rut had commenced 
in earnest. This would be about the 8th of August. 
The animals were very numerous in the uplands at 
that time and seemed to be more concentrated than 
earlier in the season. As they rode along, fights 
could be heard with increasing frequency in the 
woods on either side of the trail. At times they 
glimpsed the bulls as they pushed and battled for 
position and were particularly impressed with the 
savage and guttural bellowings and display of great 
strength. The horses were nervous and high strung, 
requiring added attention. 
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Bison on the grass plains west of Slave River, Wood Buffalo Park. 
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At the end of the journey the men pitched their 
tent in pine forest near grass and water. At times 
the buffaloes went charging, fighting, and roaring 
through the woods near camp, creating what seemed 
like a rather dangerous situation. The horses were 
picketed and closely watched while the wardens 
worked. There was no assurance that the maddened 
buffaloes would not charge and gore the animals, or 
even in their blind stampedings overrun the camp. 
This continued day after day, the battles now near 
now far, with clashing beasts often near the tent even 
in the dead of night; the men were frequently up 
and guarding horses and camp with much loss of 
sleep. During the day they cleared trail with horses 
near at hand, each evening to return to camp aston- 
ished to find it still intact. This pandemonium was 
described as lasting at its height for about a fort- 
night. The men breathed easier as the rut seemingly 
subsided, and they broke camp and started north after 
having worked south to the vicinity of Moosehorn 
Slough. Cireumstances were apparently similar 
throughout the region. On the return, affairs were 
quieter, but contests were still being waged. Bulls 
along the way were aggressive, apparently dangerous 
and fearless of man and horse. No needless risks 
were taken, and, by frequent detours around surly 
bulls and sullen clans, the men came through without 
further incident. They reached park headquarters, 
Slave River, about the 25th of August. 

Chief Warden M. J. Dempsey, with a long and 
interesting career in the park, has described similar 
and even more curious and exciting episodes during 
August. These were almost invariably in the Moose- 
horn Slough-Pine Lake district, and north toward 
Flatgrass Lake. General evidence shows that the 
main running season occurs from about the first to 
the last weeks of August. There are doubtless a 
number of scattered amores both before and after 
this period, as would naturally be the case in the rise 
and decline of such a major event. That indulgence 
lacks foree earlier or later than the principal period 
intimated, is indicated by the following cireumstanees. 

In the latter half of July, 1933, the writer’s party 
travelled through the heart of the bison’s summer 
range from Slave River via Pine Lake to Conibear 
Lake. En route, numerous bulls alone, in pairs, and 
larger numbers were noted, together with clans of 
both sexes, and a small herd of about 50 animals; yet 
in no instance was there the slightest indication that 
the breeding season had commenced. On the last day 
of August, of the same year, the party again left 
headquarters, and after travelling some 260 miles via 
Pine Lake north to Salt Mountain and south beyond 
Moosehorn Slough, returned home on September 14th. 
This, again, was almost totally within the main sum- 
mering area where considerable numbers of bison 
were encountered, but at no time was there any evi- 
dence of breeding. Anything distantly comparable 
to the mid-August rut could not possibly eseape detec- 
tion. It would therefore appear certain that the sea- 
son is materially compressed as compared with that 
described for the southern plains. 
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In coneluding remarks on this feature, it is diffi- 
cult to resist the temptation of appending the fol- 
lowing interesting description by Branch (1929 :6-7) : 

“The rutting season of the buffalo was from early 
July to late September [south-central plains]. Graz- 
ing on the nutritious grama grass, every buffalo in 
the herd had grown sleek and vigorous. The small 
herds had come together in one great, dense mass; 
and in the confusion of roaring and running, bellow- 
ing and tramping, the volume of noise rolled, said 
plainsmen, two or three miles away. John Bradbury, 
the English naturalist, found the herd in rutting sea- 
son: ‘The males were fighting in every direction, with 
a fury which I have never seen paralleled, each hav- 
ing singled out his antagonist. There were many 
hundreds of these battles going on at the same time, 
some not eighty yards from us. A shot was fired 
amongst them, which they seemed not to notice.’ 
Thanks to the thickness of the hide and pelage on 
the head and shoulders of the bulls, these battles pre- 
liminary to choosing mates were nearly always harm- 
less. At the close of the rutting season the great herd 
gradually resolved itself into little foraging bands 
again.” 

Gestation and Calving—The period of gestation is 
much the same as in domestic cattle; it is given by 
various authorities as from nine, to nine and a half 
months. Using nine months as a basis, and taking 
mid-August as medial in the Wood Buffalo Park 
breeding season, the average time of calving in the 
North would therefore be the middle of May. 

At this period the cow is very secretive and un- 
doubtedly withdraws to some thick, woodland retreat 
to have her young. This is so well managed, in fact, 
that under primeval conditions of the northern re- 
serve little, if anything, is known about it. The 
writer was unable to discover that any of the wardens 
had ever chanced upon the cow at the time of delivery, 
or immediately after; he, himself, despite wide ex- 
cursions into the bush at this period was never suc- 
cessful. The parent, or parents, evidently stay in 
strict seclusion for some little time after the calf is 
born, as all the first youngsters ever personally ob- 
served in the spring were at least two weeks old. As 
the bulk of available northern information on this 
subject has already been given under “Youth,” it will 
not be repeated here. 

Though during the time of actual calving the 
mother may be quite solitary in her brief delivery, 
there can be little doubt that the bull is not far away. 
Should danger threaten in this short interval, a single 
warning from the mother would be quite enough to 
bring the bull running with indignation to her side. 
Just as soon as the calves are able to travel about, it 
is observed that the bulls are also constant guardians. 

Family Relations—All observers agree that the 
bison is exceedingly clannish. Throughout spring, 
summer and fall, the various small herds and groups 
are undoubtedly close blood relations. The principle 
of the clan universally applies at these seasons and, 
presumably as well, during winter when most of the 
animals assemble in larger herds, though now inti- 
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mate associations are harder to detect. Exeept during 
a brief interval at calving, the various members un- 
questionably keep close together. 

The cows are commonly accompanied by progeny 
of three or four seasons. Such graduated, family 
groups are to be met with anywhere on the summer 
range and they often keep aloof from the big herds 
during the winter. As previously intimated, the 
small herds are likely multiples of these, in turn re- 
lated by marriage and descent. Degree of segregation 
varies widely. In summer, groups run ordinarily 
from five or ten, up to a couple of dozen individuals; 
more rarely they may reach a total of 50 members. 
Such a company was seen at Pine Lake in July, 1933. 
Herds average much larger in winter and also reach 
a size never observed on the summer range. While 
the bison are elannish, they are also seen to be notably 
gregarious during the colder months of the year. 

Most bulls remain with the cows and calves at all 


times. Many observers have noted and remarked 
upon their laudable behavior toward the young. 


There is plenty of evidence that the bull is as de- 
voted to the ealves as the cow and stands as ready 
to drive instantly to their defense. No one can doubt 
this after closely studying his attitude in the clan 
life, and no clan is complete without him. These ties 
are clearly displayed wherever buffaloes are seen on 
free range. Summer groups in the northern reserve 
are usually small; ordinarily, they vary so little from 
a common standard as to attract little regard. There 
is, however, a tendeney to fusion during the rutting 
season, and a separation again after, though reversion 
to the greater consolidation exhibited in late fall and 
winter must soon follow. Solitary bulls are to be 
seen at all times. 

Manner of occurrence in early winter is more 
graphically portrayed by giving actual figures. The 
following samples were booked during a couple of 
days in plains and woods, early November, 1932, 14 
miles northwest of Government Hay Camp; indi- 
viduals and pairs are nearly always old, outeast bulls, 
while the smaller groups were no doubt family clans: 

“a 1 3° St UCTS ae 6 14 
2 8 2 + 6 70 220 40 
2 4 14 10 10 1 8 60 
14 4 a ae 6 38 6 14 
185 8 4 2 14 10 920 6 


This represents a normal cross-section of grouping 
as observed anywhere throughout the plains during 
the winter. It will be noted that the largest single 
herd seen comprised 220 individuals. A greater one 
was never personally encountered, though herds of 
about 300 have been occasionally reported by the 
wardens. Average of all assemblies is about 29; 
points to be mentioned are that many groups still 
remain similar in size to those seen in summer, but 
that others again, all winter, are much larger than 
any which exist at the latter season. The only ex- 
ception to this, according to the writer’s observation, 
would be when numerous clans, by chance, came on 
converging trails to the same watering hole. 
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It is said by some authorities, with reference to the 
Great Plains herds, that the leader was always an old 
cow. For whatever reason, this does not always hold 
in the North. Though the matriarch has the closer 
ties in her following of, mayhap, several generations 
of progeny (especially under polygamous relations), 
the male, nevertheless, appears to be the common 
leader in that region. The writer has seen scores of 
clans headed by an old bull. He is usually the first 
met with along a trail and he is more often the one 
to leave last as the animals take fright and dash 
away together into the woods. The same was noted 
here by Seibert (1925:205) in 1922, who says that 
“During the summer, they are found in herds, usually 
of from twelve to fifty animals, and quite often singly 
and in pairs. These herds are composed of the fe- 
males, calves and younger animals and accom- 
panied by one particularly large bull who appears to 
be the leader. This leader, in every case observed, 
was a majestic, ferocious looking animal, far exceed- 
ing the average in height and size.” 

It was not ascertained for certain what the leader- 
ship is during the stampedes of big herds on the 
winter plains. Such stampeding is done in massed 
groups more or less strung out, but usually with a 
relatively broad front; confusion is great and the 
animals are often obscured by steam and “ground 
drift’? when the visibility is very poor. The writer’s 
impression was that at least some of the bulls com- 
posed the hard-pressed vanguard. 

Solitary Bulls—The lone bull figures prominently in 
Wood Buffalo Park, as it did also on the Great Plains. 
It is obviously an inherent, tribal institution regard- 
less of time and place. Certainly at all seasons and 
at intervals all over the range, the lone bull stands 
as a pathetic and familiar object. He is invariably 
a majestic old patriarch who is generally regarded as 
an outeast after years of battle-secored supremacy in 
the leadership of his clan. Some powerful young 
bull has been his downfall; onee beaten and driven 
off he retires into sullen solitude for the remainder 
of his days. 

As this feature is universal north or south, and 
doubtless originates in the same way, Seton (1927: 
691) may well be quoted in this regard: 

“From time to time, some growing, lusty young 
fellow tries a bout with the ‘boss,’ and usually gets 
the worst of it. But a time comes soon, or late, 
when the ‘boss is licked.’ He is driven out of the 
herd, and far away from it; forbidden to return at 
the peril of his life. And the new king reigns in 
his stead, to tyrannize over the cows and lesser bulls, 
even as the old king had done before. 

“The reign of each ‘boss’ is usually three or four 
years; that is, from about his fourth to his eighth 
vear. I have no doubt that this explains the clan 
life of the buffalo. It is a well-known fact, as we 
have learned, that any solitary Buffalo seen on the 
Plains was always an outeast old bull, doubtless one 
that originally had been driven out of the herd; and, 
becoming indifferent to the other sex, remained more 
or less solitary from choice. 
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“These old bulls are rarely molested by hunters, 
human or brute. They are too tough for the one to 
eat, or for the other to kill. But sometimes the 
Wolves, when hard pressed by hunger, will unite in a 
large band, and attack even an old bull, if no better 
prey be in sight.” 

Several instances of old bulls having been killed 
by timber wolves are known to the Wood Buffalo 
Park warden service. While returning from the 
south in late December, 1933, the writer came upon 
an old bull stretched dead across the sled trail near 
La Butte. There was no mark on him, but he was 
thin; his death had oeceurred only the night before 
and the wolves, foxes, and coyotes had not yet found 
him. It appeared to be simply a case of natural 
death from old age, coupled with the extreme cold 
of midwinter. Ample forage of good quality existed 
in nearby meadows. 

These crusty, old bulls are to be regarded as 
dangerous—under some circumstances the most treach- 
erous of North American mammals. Frequently they 
are found standing fixed in trails and the middle of 
roads, where they mean to stay, for often no amount 
of shouting and gestieulating from a safe distance 
will distract them. Many are notably morose and 
ill-tempered and cannot be trusted. In such cases 
“discretion is the better part of valor” in submitting 
to the indignity of making broad detours, with either 
horses or dogs, in order to keep going. There have 
been exciting moments, but no warden fatalities to 
date. 

Besides these solitary individuals, old bulls are 
often seen in pairs at any season. They appear to 
be typical outcasts come together for mutual com- 
panionship. Obviously they live on the best of terms 
for one may occasionally note, in passing, the same 
two old cronies in identical quarters week after week. 
Such pairs are almost as common as the lonely her- 
mits. It is plain, however, that in disposition the 
former are more retiring and less seldom exhibit that 
truculent attitude assumed by the solitary bulls. 

Food and Drink—The principal food of the bison 
consists of the various nutritious grasses and sedges 
for which the North is notable. In summer it is 
largely confined to grasses of which there are many 
varieties. These are scattered about in poplar woods, 
dry prairies, and on the margins of moist depres- 
sions. The more important of these include the wheat 
grasses (Agropyron), wild oats (Avena Hookeri), 
broom-grasses (Bromus), wild rye (Elymus innova- 
tus), vanilla-grass (Hierochloe odorata), June-grass 
(Koeleria cristata), blue-, spear- and fowl meadow- 
grasses (Poa), purple oat-grass (Schizachne pur- 
purascens), and feather-grass (Stipa Richardsonii). 

Most of this forage is of moderate height, but of 
great abundance. Making very substantial additions 
to this feed are the vetch (Vicia americana) and pea- 
vine (Lathyrus ochroleucus), both of which are 
familiar to all park travellers. Early in the season 
the animals feed around ponds and damp hollows on 
the succulent early shoots of the goose-grass (Equise- 
tum pratense), Baltic rush (Juncus balticus), and 
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reed-grass (Calamagrostis inexpansa). These are also 
eaten later in the season. Bison often make a special 
effort to fatten on the goose-grass in winter, rooting 
up large areas of snow in moist poplar woods and 
along the margins of streams, where the plant is par- 
ticularly abundant. 

Buffaloes are also able to obtain a limited amount 
of feed along margins of sloughs and the salt plains, 
as well as on better parts of the saline flats. The 
more common species here are reed-grass (Phragmites 
communis), salt-grass (Distichlis spicata), squirrel- 
tail grass (Hordeum jubatum), and alkali-grass (Puc- 
cinella airoides). To a lesser extent cord-grass 
(Spartina gracilis) may also be eaten. In any event 
this forage is of only oblique importance, as com- 
paratively few bison resort to the true salt plains 
at any season. Curiously enough, the animals some- 
times browse on willow leaves, in the presence of an 
abundance of normal feed. 

Forage grows particularly rank in the moist low- 
lands. This is especially true of the flood plains of 
Peace and Slave rivers, and the Peace-Athabaska 
Delta. As elsewhere mentioned, vegetation commonly 
attains a height of three or four to seven feet. While 
only restricted sections support the heavier yields, 
vast areas have excellent fodder at least two and a 
half to three feet high. This more important winter 
feed consists mostly of sedges and some of grasses. 
Many of these are also identified with sloughs and 
pond margins of the uplands. The valuable species 
include blue-joint (Calamagrostis canadensis), reed 
meadow-grass (Glyceria grandis), reed canary-grass 
(Phalaris arundinacea), and the water and meadow 
sedges (Carex aquatilis and trichocarpa). Several 
other sedges of minor importance doubtless contribute 
in varying amounts to the wild hay consumed at this 
season. 

In the foregoing, the writer is especially indebted 
to Raup (1933:34-39) for identification and insight 
into the relationships of the many species of plants 
with respect to bison feed. His list embraces 54 
species of direct or indirect use, including those 
mentioned. Grasses and sedges are greatly in the 
majority, and with the vetch and peavine, the most 
important. Minor food plants are eaten along with 
these, and, on the whole, probably make a substantial 
addition. 

For some unknown reason the bison also eats, dur- 
ing winter, quantities of reindeer moss (Cladonia) 
and tripe de roche (Gyrophera), though they are 
never actually forced to such extremities; from brow- 
sing signs, it was also clear that they occasionally 
consumed the “old man’s beard” lichen (Usnea) from 
the lower branches of pine and spruce. When driven 
to the shelter of pine woods in stormy weather, the 
animals sometimes graze extensively through the snow 
for such seanty forage as prevails. In addition to 
mosses and lichens, they appear at times to eat Can- 
ada blueberry (Vaccinium canadense) and bearberry 
(Arctostaphylos Uva-ursi). 

An interesting sidelight on feeding habits has been 
received from Warden F. Dent, during the writing 
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of this report. In the early winter of 1935-36, buf- 
faloes were seen to. have fed on the tips of red willows 
along the river banks and on sand bars of the upper 
Slave. As considerable portions of the meadowlands 
in this quarter had earlier been flooded, to subse- 
quently freeze and anchor the forage, Warden Dent 
was of the opinion that this singular action was due 
to loeal shortage of feed. Again he said that “Chief 
Warden Dempsey and I observed where one had 
sampled the medicinal effects of alder tops; these may 
have been too harsh, for we saw where the animal 
had coughed and emitted portions of alder tips, 
Saliva, and stomach juices for several feet around on 
the snow; this, too, in an area with quite a good 
showing of natural feed.” 

Referring again to Raup’s excellent work (1.c. :40- 
42): Of further interest is an annotated list of the 
plants known or thought to be injurious to grazing 
stock, with comments on oceurrence, relative abun- 
dance and effects. This presents a total of 24 species. 
It is observed that only seven of these are credited 
with being notably poisonous; i.e.: scouring rush 
(Equisetum prealtim), field buttereup (Ranunculus 
acris), larkspur (Delphinium scopulorum var. glau- 
cum), baneberry (Actaea rubra), poison camas 
(Zygadenus elegans), water hemlock (Cicuta bulbi- 
fera) and the spotted cowbane, or beaver poison 
(Cicuta occidentalis). Of these only the two last and 
the larkspur might have any direly potent reaction, 
as “none of the others are sufficiently accessible or 
abundant in the grazing areas to affect the buffalo.” 

Water in some parts of the range is markedly 
searee, brackish, or strongly saline. The latter is 
mostly confined to the eastern part of the park over 
the large area chiefly resorted to in winter; the effect 
is therefore markedly less drastic than would other- 
wise be the case. A curious circumstance is the 
occasional presence of fresh water springs and creeks 
close to others that are either mildly brackish, or 
strongly saline. A notable example of this occurs in 
the salt springs sector below Salt Mountain, where 
fresh water springs also bubble up near by. Under 
these conditions the bison are able to obtain suitable 
drinking water and at the same time satisfy them- 
selves at the numerous salt licks. 

On the western uplands good watering places may 
be somewhat widely separated. Inferior, or saline 
waters, however, are not nearly so prevalent as to 
the east. In consequence, good water is to be obtained 
at numerous points from creeks, rivers, lakes, ponds, 
and sink holes. Often the latter afford the only loeal 
supply and in most eases it is good to drink. In 
some instances these are mere “kettles” only a foot 
wide but very deep and with water of cold purity 
which seldom fluctuates in depth. A number of moss- 
rimmed examples in the deep forest are too steep and 
dangerous for the use of bison and are consequently 
avoided. Some of the larger pot holes have a gentle 
slope to the water on one side, and thus, being highly 
attractive, the animals trek to them from miles around 
in large numbers. Pine Lake, in addition to scenic 
beauty, is one of the finest bodies of water in the 
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interior; it is believed to have been formed from a 
series of gigantic sink holes. 

Even on the Alberta Plateau some of the larger 
waters are rather flat in taste, or unpalatable, caused 
by small additions of brine and sulphur from nearby 
springs. On the whole, however, there is no serious 
lack of good water on the summer range; where local 
shortage exists, it is suecessfully overcome, for the 
bison are inured to going long distances to drink. 
Moreover, in parts of the perimeter of the range, 
there is an abundant supply of fresh water in the 
southern lakes and the big rivers. Throughout the 
winter snow supplies all needs. 

Insect Pests—Indirect allusions have already been 
made to this subject. Attacking insects of the north 
woods are numerous, but vary greatly in kind and 
degree of irritation imposed on man and beast. Some 
of these will make but a minor impression upon the 
bison. The commonest belong to the Diptera, or two- 
winged flies, and those most prominent in their blood- 
thirsty attentions are various species of mosquitos 
(Aedes), sand-flies (Ceratopogon), black-flies (Sim- 
ulium), deer- or moose-flies (Chrysops) and the 
ferocious “bull-dog” of the genus Tabanus. 

Of these the mosquitos and “bull-dogs” are the 
worst. If the effect on horses is a safe guide, the 
latter is by all odds the bison’s most serious insect 
foe. The mosquito hordes get in their worst work 
early in the season as the bison is shedding his thick, 
matted coat in large patches when his rear parts are 
reduced almost to a state of nudity. Itis during this time 
that the animals are most active in wallowing in sand 
baths and lathers of mud. 

The mosquito season is normally at its height in 
Wood Buffalo Park from about June 10 until the 
early days of August. They come earlier and persist 
later, but are then not so noticeable. The “bull-dogs” 
are most savage during the hot days of July and early 
August. Between the two species there is perfect 
“eoordination of effort”—the mosquito most active 
early mornings and evenings, nights, and still, warmly 
humid cloudy days, and the “bull-dog” in bright, hot 
weather when the former is less vicious or quite in- 
active. In places the sand-flies, or midges, appear 
for good measure, while the black-flies insinuate them- 
selves during the warm days of September after the 
other species have disappeared. 

The incessant irritation clearly suffered by the buf- 
faloes in summer is probably not entirely due to 
insects. Part of it may be caused by barbed seeds 
which work through the hair to prick the skin. 
Species that likely play a part are squirrel-tail grass 
(Hordeum jubatum) and poreupine-grass (Stipa 
comata), the seeds of which are sharp-pointed and 
bearded with long, barbed awns pointing backwards; 
these cling to the pelage and finally bore inward to 
the skin where they cause small burning sores. As 
proof of the existence of this additional plague to the 
buffalo, Seton (1927 :675) points out that on the Great 
Plains old wallows are rimmed about with an un- 
usually thick and vigorous growth of the spear-grass 
(Stipa spartea) which the animals were able to get 
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Fig. 18. Horns of bison: 1, Calf; 2, Yearling; 3, ‘‘Spike-bull,’’ three-year-old; 4. Ten-year-old bull; 5, Three- 
inch poplar broken by bison in a stampede through the forest; 6, White spruce rubbing tree with bark shredded and 
torn away by the horns of the bison in fly-time; 7. ‘‘Buffalo-chips’’; 8, Bison rubbing stone, or boulder about four 
feet high, with the surrounding earth worn away by the action of many feet; 9, Bison trail leading down a river 
bank to water. 
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rid of by rolling. It is at once apparent that with 
the thick, matted wool of hump, neck, and shoulders, 
these parts of the bison would be particularly vul- 
nerable to such irritants. 

Diseases—It is evident, in perusing various ac- 
counts, that for so gregarious an animal the wild 
bison was singularly free from disease. Mange seems 
to have been the most prevalent, but was said not 
to have been so deep-seated a form of scab as in 
cattle; old plainsmen state, however, that occasional 
individuals died from this disease. 

Ophthalmia has also been reported, together with 
enlarged, granulated livers, which Garretson (1927: 
23) attributed to overexertion caused by stampedes, 
or harassment by hunters. He also says that “Few 
if any weak or sick animals long survived, because 
they were soon destroyed by the wolves that followed 
the herds, which no doubt in large measure accounted 
for their healthy condition. Domesticated buffalo 
and herds under control at times are afflicted with 
diseases that were never found in the wild herds.” 

At long intervals wild animals were found with 
large abscesses on the livers, or badly affected kid- 
neys; this evidently had but limited effect on general 
health, as such animals reported were also said to be 
fat. Tuberculosis of the lungs apparently did not 
oceur in the wild herds, though it has since made its 
appearance in captive animals. 

In December, 1923, Cameron (1924:5) made a 
study of pathological conditions in the Wainwright 
bison, when about 1,000 were slaughtered to reduce 
the rapid increase in the herd. His findings are of 
some interest in this connection: A spavin involving 
the two lower joints of the hock was noted in one 
ease, and thoroughpins in ten eases, two of which 
were about the size of hen’s eggs. On two other 
buffaloes similar tumor-like lesions were found about 
the size of turkey’s eggs; on one it was situated above 
the metacarpus, and on the other outside the stifle 
joint. In both there were irregular layers and 
patehes of whitish caseation, in which no neoplastic 
tissue or organisms were found; they appeared in all 
probability to be degenerated by hygromata. On the 
rumen, adjacent to the spleen, very small white 
lesions were located, in a few eases, enclosing a drop 
of fluid; they appeared parasitic, but microscopical 
examination revealed nothing to account for the con- 
dition. Tubereulosis had made its appearance in a 
number of animals. 

Few internal parasites were present, and no tape- 
worms were found in spite of careful search. Two 
livers had flukes (Fascioloides magna), and a few 
parasites of the peritoneum (Setaria) were also de- 
tected; specimens of stomach worms were determined 
as a species of Cooperia. Many hearts had exceed- 
ingly small Hypoderma larvae were 
present, but in many carcasses not a single one was 
found. No lice or other external parasites were de- 
tected in over fifty head especially examined for this 
purpose. 

The wild herds of Wood Buffalo Park are un- 
doubtedly in a healthy condition for they apparently 
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exhibit as little sign of disease as the great herds of 
the southern plains. Occasional animals show slight 
deviation from normal in the size and tissue texture 
of some of the internal organs, the cause of which is 
not apparent. With reference to bison taken for 
museum specimens in the park in 1927, Anderson 
(1929 :18) says: “Dr. Hadwen made a thorough ex- 
amination of all the organs of the animals, including 
blood-slides. Except for some small internal parasites, 
the animals appeared to be in a healthy state.” This 
was evidently the case with others secured, as nothing 
is mentioned to the contrary. A good state of health 
is also attested to by the findings of wardens during 
the annual buffalo hunt, when about 30 animals are 
taken for purposes of relief. 

HABITS AND BEHAVIOR 

Disposition—Except during the running season, the 
northern bison is rather curious and, on the whole, 
shy and timid. At times individuals appear stupidly 
dull, but this belies the real nature of the species at 
large. Much of the apprehension shown is doubtless 
an instinet for the safety of the young, as individuals 
and bachelor groups do not, as a rule, show the same 
mistrust and fear. 

On most oceasions a clan, or herd, will stand its 
ground until approached within 100 to 200 yards. 
This is so whether a man is on foot, with horses, or 
with dogs. In the woods it is frequently possible to 
get much closer. Usually this is the result of a quiet, 
hidden approach with a favorable wind. Once sighted, 
or otherwise detected, the herds bolt through the 
woods, or from the prairies, in an avalanche of wild 
disorder; then standing still (if a calm day) one may 
often hear the ponderous pounding of feet and the 
steady breaking of limbs and small trees, fainter and 
fainter in the distance, as the herd continues to retire 
beyond hearing. 

As for single, or several bulls in a party, some re- 
markably easy approaches can be made. This applies 
at times both to open and wooded situations, but 
more frequently to the latter. As often as other- 
wise, this is not because of any skill in stalking, but 
results from the stolid boldness of the animals econ- 
cerned. This is proved by the actions of occasional 
individuals which regard one’s approach with abso- 
lute unconeern. Such animals may have little or no 
knowledge of man. A few of these bolder spirits 
are now and again met on the main trails where they 
show a contemptuous indifference to approach and 
refuse to get out of the way. Some are accidentally 
“jumped” at a distance of a few yards in the bush, 
around a bend in the trail, in the act of wallowing, 
or taking a comfortable siesta in the sunshine. Under 
such circumstances some remain quietly adamant, or 
merely walk away with leisurely dignity, while others 
decamp at a langarous trot, or stiff-legged lope. A 
few go crashing away in a wild burst of speed until 
lost to view. Many of the old bulls disturbed while 
lying down for their afternoon wallow naps, will 
bound briskly to their feet, but decline to proceed 
farther. 
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During the winter months solitary bulls, and small 
male cliques, behave in much the same way. On the 
whole, they are rather mild mannered, despite the 
formidable attitude. Usually they will move off the 
trail if one halts at some little distance, giving them 
an opportunity to make a quiet decision. It is foolish 
to rush them, for already obstinate, they are apt to 
charge. Discretion is well warranted at any time. 
Sometimes facing them with rigid inaction and low 
conversation, will break their nerve and finally drive 
them off in a panic. At times no form of safe in- 
timidation will work. The animals are then either 
slow witted, emotionless, or in a fearless and ugly 
mood; one may say advisedly, watch the set of the 
head, general rigidness and the lift of the tail. There 
is no question but that with some of the crabid old 
bulls, well-timed detours will promote one’s longevity. 

Every traveller here with dogs and horses has ex- 
perienced critical moments; times when he feels lucky 
to have been left free to detour and pass on; sudden 
passes at close quarters with immobile and apparently 
truculent bulls when, if so willed, they could, with a 
quick rush, have wiped out the party. In the con- 
finement of narrow forest trails (hindered by any 
possibility of making quick turns and withdrawal), 
charging bulls would leave no feeblest chance of 
escape. Fortunate is this slow decision, or tolerance, 
on the part of seemingly rancorous animals, for other- 
wise trails of the northern reserve would become 
among the most dangerous in the world. 

Speaking of travelling in Wood Buffalo Park, 
Goodwin (1935:157) makes the following comments: 
“Our horses were restless and shied at every shadow 
that looked like a buffalo. We presently learned that 
it was never safe to take chances where there was 
possibility of an encounter, for, rounding a sharp 
bend, we unexpectedly met an old bull apparently 
retracing his migration route. The old warrior was 
not to be deterred from his course. Rooting up a 
cloud of earth, he charged directly through the center 
of our outfit, seattering us to right and left, then 
continued on his way.” Again he remarks on a phase 
of the hunt for wood bison museum specimens; the 
party had approached a herd in a meadow, from 
behind a sereen of spruces and willows, and sue- 
ceeded in taking two cows and two bull ealves. “Sud- 
den activity then threw us on our guard. The herd 
leader sighted us in the open and, apparently excited 
by the smell of blood, made a direct charge. Our 
desire to secure photographs of the animals in action 
caused us to wait longer than was altogether safe, 
and the ferocious creature gave us a few tense seconds 
before we could bring him down” (le. :159). 

Throughout most of the bison’s routine life he is 
singularly silent. During the rut, however, he makes 
ample use of his voeal powers, with deep, booming 
roars and hoarse bellows, but immediately afterwards 
is seldom or never heard. Goodwin likens the bellow 
of an old bull to the deep, guttural roar of a lion. 
Occasionally low grunts and mumblings are emitted, 
but evidently these are confined to summer and fall. 
The writer eannot recall ever having heard a single 
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sound from the buffalo during the winter months, 
except for an occasional pig-like grunt during a 
stampede. 

Since the organization of the park, several of the 
saddle horses have been gored by bulls. None of 
these were fatal, but sears from deep wounds in 
flank and shoulder testify to furious charges in very 
unequal encounters; undoubtedly, on such oceasions, 
the quick reflex and agility of the horse are the only 
factors standing between him and death. In all these 
eases the horses were riderless, so that the encounters 
were not seen. They are known, however, to have 
occurred somewhere in pastures west of park head- 
quarters, which are also resorted to by bison. At 
Wainwright, time had amply taught that where single 
horses and riders are concerned in the annual round- 
ups, the buffalo was never to be trusted; some of the 
ex-cowboys employed there experienced many narrow 
escapes. A team of horses on a wagon fails to rouse 
the animals in the same manner. 

Within a mile or so of Government Hay Camp, 
the horses have developed an extensive system of 
trails through the surrounding forest; these, too, link 
up several natural pastures. The bison also follow 
many of these, particularly the trunk trails which 
directly connect with the various grasslands. What 
the nature of free meeting of horse and buffalo is 
on these trails no one precisely knows, but it is prac- 
tically certain that the horse gives way. At times in 
fall and winter a column of 50 to 60 bison thread the 
local trails and as high as 100 animals have resorted 
for weeks to the wild hay lands within sight of the 
buildings. A man with horses, or dogs, in meeting 
these columns, can normally get the right of way by 
stopping to shout and wave some. object in the air. 
Once the head of the column breaks the whole herd 
bolts wildly into the forest. The wardens have found 
that a good trick during the rut (when the beasts 
are less open to persuasion) is to beat vigorously on 
a tin pan; for some reason, this often renders them 
panie-stricken, and puts the animals to full flight. 

Sometimes the small wild herds which visit the 
headquarters hay flat show an unwonted boldness. 
Groups frequently graze to within 150 to 200 yards 
of the buildings and they will do this in-the face of 
ordinary daytime activities such as running of the 
Deleo plant, chopping, circular-sawing wood with a 
power outfit, ete. Some animals went so far as to 
break down fences at night to feed on haystacks 
within 50 yards of the horse barn. The vociferous 
attacks of a police dog were mostly regarded with 
indifference, but a shotgun discharged in the air fre- 
quently proved at least temporarily effective in driv- 
ing them away. 

A direct antithesis is found in most winter herds 
on the more westerly plains. While some are rather 
easy to approach, others are difficult. Few permit a 
closer proximity, however, than 200 to 300 yards. 
Depending on wind and general state of the at- 
mosphere, one’s presence is normally detected at a 
distance of froma third to half-a-mile; grazing stops, 
the animals tend to bunch, and all for a time wateh 








with calm euriosity. Then there is usually a wild 
stampede for the nearest cover. Retreat may be in 
a dense mass, or the animals strung out in a thick 
column partly invisible behind a curtain of exhaled 
vapor and churning snow. With ten or fifteen score 
in such a stampeding herd a thrilling spectacle is 
presented which is not soon forgotten. The actions 
of individual herds are quite conflicting. While some 
are notably phlegmatie, others again snap into flight 
almost instantly upon detection. This sometimes hap- 
pens when a traveller is still afar off—fully a half 
to three-quarters of a mile; all is done in a keen and 
high-strung manner with great disorder. A certain 
kevyed-up alertness and proneness to stampede is 
usually more evident on sharp, bright days. 

Only at comparatively long intervals do the actions 
of a winter herd prompt any personal concern. But 
such does crop up at times, when one is relieved to 
be well out of the situation. In the early winter of 
1933, the writer and Warden P. MeKay, with two 
dog trains, were crossing a wide plain west of La 
Butte. In places it studded with wooded 
“islands,” together with timbered points thrust into 
the plains, which often interrupted observation except 
at close range. Here and there were peacefully 
grazing herds of bison, the nearer of which, as eus- 
tomary, fled before our advance. Rounding an 
“island” of willows an unnoticed herd of 50 or 60 
animals was suddenly confronted at a 
about 75 yards. 


was 


distanee of 
The herd sprung to attention, with 
all the dogs barking furiously. With heads down 
menacingly, every animal had its gaze riveted on the 
party. Then a most exceptional thing happened. 
Instead of dashing off, the whole herd began slowly 
to approach; it came closer and close1, and when 
affairs were beginning to look their worst, suddenly 
halted. The dogs were creating an outrageous din 
and this seemed to irritate rather than repell these 
particular buffaloes. One rush would grind men and 
dogs to pulp. There was nothing around but a clump 
of small willows and the nearest available trees for 
safety lay a half-mile away. Then as suddenly as all 
this happened, the herd broke and ran slightly away, 
then swerved to eross in front of us. This manoeuvre 
completed, it stopped short to the right and swung 
head on again, massive bulls in the foreground, at a 
distanee of about 60 yards. The same tactics were 
repeated as before, the slow, determined advance dis- 
continued once more at uncomfortably close quarters. 
After a few supercharged moments, the unexpected 
again oceurred, for with single accord the animals 
now broke in a panie and galloped furiously away in 


a cloud of snow until lost to view in the distant 
timber. 
This was but one of three somewhat similar ex- 


periences which befell the writer in the course of two 
full winters on the range. Such, therefore, may 
rightly be regarded as comparatively uncommon. It 
may be positively asserted that it is not the bison’s 
normal response to men and dog trains. Between the 
extremes exemplified in the ultra bold and the ex- 
cessively timid, every conceivable shade of attitude 
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and behavior is displayed; all of this goes to show 
that, as a reactionist, the ways of the buffalo can 
never be accurately predicted. 

In a recent communieation, Warden F. Dent de- 
seribes two interesting episodes with bison. In both 
eases it involved cows travelling with calves, during 
the early winter of 1935-36, in a previously flooded 
and frozen area along upper Slave River. They were 
somewhat thin and the young stock seemed tired or 
weak. On both oceasions the animals oceupied the 
toboggan trail, seemed short-tempered, showed every 
indication of charging, and refused to get out of the 
way. A cow about five or six years old was the most 
vicious. In the first instance, Dent detoured with 
the dog train through difficult down timber and thus 
succeeded in passing while the animals remained ob- 
stinately rooted to the trail. In the second case there 
was a tired ealf, with an equally ferocious mother 
and, as it was here impossible to detour, he was a 
full half-hour detained at a safe distance waiting for 
the group to pass on, which it finally did. He remarks 
that these instances are mentioned to prove that even 
cows, while not generally aggressive, will readily show 
fight if with calf, tired, and pressed too hard. 

There was a peculiar happening at park head- 
quarters, during the winter of 1933-34. A three-year 
old bull buffalo emerged from the forest one day 
and began wandering nonchalantly among the build- 
ings. Passing the bunk-house, it climbed the porch 
and when a warden appeared at the door, promptly 
charged; there was just enough time to slam and lock 
the door in his face; each time the warden attempted 
to emerge the animal would again charge. It showed 
no intention of quitting and proved a very effectual 
jailer, though it showed signs of sickness. The situa- 
tion was finally observed by another warden who 
eventually roped and put the beast in an unoccupied 
barn with some feed. After a few minutes it lay 
down and the next morning was found dead—ob- 
viously a pathological case of some kind. 

In past years it appears that several wardens and 
ex-wardens of the park have enthusiastically availed 
themselves of sturdy trees in order to escape real, or 
fancied danger, the details of which are not clear. It 
is the writer’s impression, however, that there are 
two or three well-authenticated cases in which tree- 
climbing was indulged under highly extenuating eir- 
cumstances. One is fortunate if the circumstance 
coincides with the presence of vegetation big enough 
to support a safe retreat. This unpredictable atti- 
tude of the bison reealls a story told by Garretson 
(1927 :19): Diek Rock captured a buffalo when it 
was a small ealf. It became so tame that as it grew 
up it would allow its master to mount and ride it 
about the enclosure. Rock had been warned a number 
of times to refrain from this, as his friends feared 
that some day the bull would kill him. Despite all 
the kindness and care bestowed on him, the bull even- 
tually turned on Rock and gored him to a shapeless 
mass and had to be shot in order to recover the 
latter’s remains. 

Seton (1927 :671-72) regarded the bison dangerous 
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(like all who intimately know the species) as shown 
by the following comments: 

“Its obstinate and often ferocious temper remains 
unchanged by contact with man. The cows when with 
calves, and the bulls at all times are of a fierce, 
combative disposition. One never knows when this 
will break out. A number of men have been killed 
by tame Buffalo; and those who know them best, 
trust them least. At all times and places, the 
Buffalo, male and female, old and young, are savage, 
treacherous animals; always a menace to man and 
beast; never to be trusted. The Buffalo is a danger- 
ous animal, and the only really dangerous one in 
America. If we had exact figures to show, I believe 
we should find more human beings killed by Buffalo 
than by any other of our wild creatures.” 

Senses—All evidence on the free range indicates 
that the bison has a wonderfully developed sense of 
smell. This is, of course, in common with all of the 
larger game animals in a wild state. The organs are 
delicately attuned to sift from the air the slightest 
taint of man, or other potential enemy. This remark- 
able sensitivity is demonstrated on innumerable ocea- 
sions in the field. 

If from an advancing party the wind sets towards 
the buffalo, the former’s seent is quickly picked up 
at a considerable distance. It is a common experi- 
ence in upland woods to barely hear the crashing 
retreat of an unseen herd whose presence, but for 
this, would ordinarily go undetected. Undoubtedly 
large numbers withdraw at distances beyond possi- 
bility of hearing by man. This will often account 
for the silence of the woods and apparent seare:ty 
of bison in parts of the summer range where various 
signs prove at least a moderate abundance. Among 
other tokens, broken saplings and shrubbery still 
bearing unwilted foliage, bespeak the recent passage 
of animals of which nothing has been seen or heard. 

Aeuteness of seent is convincingly manifested on 
the open plains in winter. 





Herds, for example, some- 
times exhibit awareness of one’s silent approach in 
the snow at distances of a third to half a mile, when 
neither sight nor hearing could have aided them. 
Obviously, the power of scent alone was here in- 
volved. In a study of this feature, the plains offer 
certain advantages over the woods, but in all situa- 
tions a favorable wind is needed for the extraordinary 
transmission of such intelligence. Under these condi- 
tions in summer it is said that bison could smell water 
at a distance of five or six miles. From down wind, 
a man ean stealthily approach to within a very short 
distance of the animals. 

The keenness of scent in the bison is attested to by 
many observers. Seibert (1925:205) says that on 
various oeeasions he has known wood bison to be sen- 
sible to the spoors of men and horses a day or two 
old; and that herds which had never seen men, or 
horses, withdrew to a new area as a result of scenting 
their trails soon after their passing. Graham (1923: 
9) also states that if the wind is favorable they ean 
instantly scent a man and, that if no rain has fallen 
will, moreover, smell his trail though it be two days 
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old. Seton (1927:3:714-16) and Goodwin (1935: 
157) similarly bear testimony to this sharpness of 
seent. 

Hearing is evidently not so acute, though indis- 
putably of a high order. This may be readily veri- 
fied, when some considerable distance down wind, in 
relation to the yelping of dog trains, or the chopping 
of wood. Especially is it noticeable when one is 
camped in the margin of the forest with herds up 
wind in open plains; they can now be seen to stand 
attentive time and again when sight and scent is of 
no avail. Various episodes in the deep woods also 
testify to no mean capability in this direction. Keen- 
ness of hearing is increased during calm, sharp, clear 
weather. 

Sight is the poorest of the senses, a fact which is 
demonstrated in many ways. When, under certain 
conditions, neither scent nor hearing serve, except pos- 
sibly in an uncertain, or fickle manner, the animals 
stare stolidly, or become peculiarly indecisive. Should 
the wind chop and change and produce eddies to 
momentarily carry a sharp scent, the beasts usually 
spring into headlong flight. 
show that eyesight is poor. 


This and other eases 
Under favorable cireum- 
stances a man may approach and stand quietly ex- 
posed within a few yards of a buffalo without being 
noticed; at this range, however, a quick movement 
instantly registers. The curious apathy often dis- 
played by the species is no doubt the result of par- 
t-ally ineffective sight left unsupported by the other 
faculties. 

Something of this is also at the bottom of certain 
characteristic behavior. Many individuals and groups 
when first disturbed will run only a short distance to 
stop, wheel, and look back at about the limit of their 
range of critical discernment. Fear is momentarily 
overcome by curiosity. If scent fails to aid their eye- 
sight on such occasions, they will sometimes cirele 
until it is active, and then bear on as fast as ever in 
the original direction. 

Times of Activity and Leisure—In so far as could 
be ascertained, the normal activities of bison on the 
northern range are entirely diurnal. As is the usual 
habit of the bovines, night is given over to rest. 
Under extraordinary impulses, however, such as dur- 
ing the rut, bison are often known to be active in 
the dark; in mating there are savage fights at this 
time and short stampedes through the bush. Branch 
(1929 :122) points out that on the southern plains, 
herds not infrequently went off on a stampede during 
the night. 

In summer, the animals are early astir, when dew 
is on the grass, to seatter and graze over prairie and 
woodland. With a late forenoon sun, they apparently 
have their fill, and many are now eaught lying down 
to nap and bask in the warm sunshine, or to wallow 
in sand and mud holes. During the hottest weather 
the majority retire to the cool shade of woods in the 
neighborhood of pastures and wallows. As the re- 
freshing effects of the early consumed, dew-laden 
herbage dissolve, thirst drives the herds to the water 
holes. Much of the drowsy, brilliant midday period 
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is devoted to drinking and dreamy inactivity, inter- 
posed with fitful seratching, indolent napping and 
rolling. When the afternoon wears on, the animals 
are again animated with purpose, as they straggle 
forth once more to eat their fill before nightfall. 
Appetite is normally satisfied by sundown, when they 
then lie down for the night. 

Winter activity is less varied. As in summer, the 
herds are up and about early, but this in relation to 
the short hours of daylight is much later by the elock 
than in the former season. In December and January, 
some herds are still found reclining in their night 
beds at eight, or nine o’clock in the morning. At 
this time, however, day is just breaking. Numbers 
are driven forth by hunger at a somewhat earlier 
hour. Unlike summer, there is no long languid period 
of dalliance before and after high noon, as with cold, 
snow, and the short days, every energy is bent to 
satisfy an enormous eapacity under these various 
handicaps. 

Rooting through the deepening snows is a time- and 
energy-consuming business. This is done with muzzle 
and head, foreing the snow back and up. Observation 
shows that the animals are kept busy to obtain enough 
feed during the daylight hours. Compelled to be dili- 
gently on the move, they are seldom if ever seen lying 
down in winter, except for the long night’s rest. This 
extreme preoccupation is progressively modified with 
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the return of long spring and summer days. In all 
things, as circumstances require, the bison are very 
systematic in their habits. 

With snow always at hand in winter, there is no 
lost time from feeding in long return marches to the 
watering places, as is the case in summer. Thick, 
gloomy weather sees the herds less early astir on the 
plains; brilliant weather is more stimulating. In 
gentle snowstorms, digging for forage in the open 
goes on as usual, but let a blizzard break and one 
and all promptly retire to the shelter of the woods. 
Such storms may last for days; regardless of their 
duration, however, the animals never appear in the 
open. With a particularly violent storm, they will 
sometimes even remain in seclusion for two or three 
days after it ends. It is under these cireumstances 
that the herds direct their attention to seanty and 
inferior foodstuffs in the woods, which are ordinarily 
ignored. 

After a snowstorm there is unusual activity. The 
woods disgorge their occupants and scattered herds 
onee more dot the plains. Trails are freshly opened 
and the familiar laceries again break the virgin snow 
fields in all directions. With characteristic energy and 
indomitable strength the mature batter their way 
through, followed by the young, and before long 
meadow and plain are deeply crenellated with the 
seraggy, snow eruptions of the feeding grounds. The 
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Scale in feet 
Fig. 19. Tracks of adult bull bison on forest trails: (a) and (b) galloping; (c) hard running; (d) swinging 


trot; {e) fast walk. 
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extreme roughness of these quarters, in the depth of 
winter, is best realized by those who have struggled 
with snowshoe and dog team across them. 

Mobility—For all the ponderous deliberation and 
apparent sluggishness of the adult bison, he can move 
with surprising rapidity. Considering the huge bulk, 
his ability to wheel and charge with swiftness and 
deadly impact from a standing position. is not the least 
amazing. This manoeuvre doubtless accounts for the 
dexterity with which he can sometimes reach and gore 
unsuspecting horses on the open range. 

The normal gait of the animals is a slow, plodding 
walk. But even this is deceiving, for, as Seibert 
(1925 :204-05) says, a man is obliged to jog-trot to 
overtake them. Hearne (1795) remarked that “be 
the snow ever so deep, such is their strength and 
agility that they are enabled to plunge through it 
faster than the swiftest Indian can run on snow- 
shoes.” This is quite true, and only one of the many 
surprising feats of which the bison is capable. In 
fact, the writer has observed (on two or three rare 
oceasions where fair comparison offered) that the 
bison in deep powdery snow ean for a time travel 
faster than a galloping dog train on a broken trail. 
For a short distance the bison appears capable of 
running as fast as a horse. This cannot be main- 
tained, however, and the latter soon exhibits his 
superiority of wind and fleetness. In the old time 
hunts, after the first wild bursts of speed, the horse 
with rider could readily draw alongside the hard 
laboring buffalo for an accurate death shot. What 
the bison lacks in long sustained speed he more than 
makes up in other forms of endurance, such as in- 
comparable brute strength, vitality, and tenacity of 
life. 

In addition to the heavy, deliberate walk, the bison 
has several other gaits. The most common is a mod- 
erate trot, but with the slightest excitement this is 
replaced by a stiff-legged canter, very characteristic 
of the early stages of fright. Under greater provoea- 
tion herds flee at a fast, rolling gallop; this movement 
reflects some of the peculiar rigid action of the canter 
with a subtle “wooden” quality, but it is a gait, never- 
theless, which is capable of covering the ground very 
rapidly. The gallop is the mode of progression in- 
variably used in the flurry and confusion of a stam- 
pede. The massive head and hump is largely respon- 
sible for this lumbering carriage and deceptive stride. 

In a prone position, the bison flattens well down 
to the side, muzzle close to the ground, and legs ex- 
tended one way (mostly to the left), but compactly 
hauled in. The act of rising is usually executed in a 
sluggish manner, front first, opposite to that of cattle, 
but when suddenly alarmed it seems to fairly bounce 
to its feet in a single movement, rushing from a pros- 
trate start into a series of long, galloping jumps. The 
lope and gallop are used alike in plains and woods. 
In a flutter of fear the animals will blindly dash 
through thick timber with about the same abandon 
as in the open. Where close-herded, they ride rough- 
shod over everything in their path, trampling down 
shrubbery, crashing over windfall and often levelling 
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dead standing trees up to six inches in diameter. 
This, and the noise created, is the very antithesis of 
the silent retreat of moose, elk, deer and caribou. 

Where necessary, the bison will assay very steep 
slopes, either up or down. In the latter case they 
are compelled to lean back, buneh all four feet, and 
make bottom in a series of stiff-legged slides and 
bounds. Almost vertically eroded stream banks are 
sometimes tackled and overcome, by partly sliding on 
the haunches, which one would ordinarily imagine 
much too difficult for such a cumbersome beast. At 
river fords which are much used, pathways are soon 
deeply trenched to a convenient grade. Wherever 
possible, trails are laid out along hillsides at long, 
gentle angles, in “switch-backs,” or up ravines so that 
the animals may pass easily between high and low 
country. 

Swimming is an accomplishment which is indulged 
without hesitation. It is fairly common practice for 
herds to swim back and forth across rivers even as 
wide and fast as the Peace and Slave. The park 
patrol boats have often come upon them in these 
streams. On such occasions the animals persist dog- 
gedly on their way regardless of any distractions and 
at the margin haul out quickly, shake vigorously, and 
scramble up the bank to disappear in the forest. The 
animals hang low in the water, usually only the upper 
portion of the head above the surface, though a bit 
of the hump may show with some strong, buoyant 
swimmers. 

Adventuring into new pastures is the usual motive 
for swimming the larger streams. The smaller ones 
are purely incidental on well-developed routes and are 
normally of such a depth as to be easily forded, and 
fording is a very common affair. Occasionally, how- 
ever, the animals venture across lakes to reach certain 
objectives when it is quite unnecessary. Thus, in 
July, 1933, a herd of about 50 animals of all ages 
was witnessed in the act of swimming Pine Lake; 
they crossed from one side to the other at the north 
end where it is about a half mile wide. High country 
and good trails obtain all around. Besides being a 
shorteut, taking to the water provided a temporary 
escape from mosquitos and “bull-dogs”; in fact, the 
savage attacks of the latter may have been wholly 
responsible for this action. 

Scattered about in numerous sections under “Life 
History” much incidental information on habits and 
behavior of the bison has already been provided. 
Thus, in part, the subject is obliquely one and in- 
separable in the discussion of such matters as distri- 
bution, seasonal movements, maturity, influence on 
environment, ete. The present division, specifically 
devoted to “Habits and Behavior,” is not strictly com- 
plete without these widely disseminated and _ inter- 
related facts, but they cannot be used here without 
objectionable repetition. Consequently, for extensive 
information that would ordinarily appear in the pres- 
ent section, were it presented as a separate paper, 
the reader is respectfully referred to several of the 
preceding divisions. 
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Wolves—The wolf menace is here dealt with first 
in the belief that it is the most serious of the various 
factors involved in Wood Buffalo Park. In a meas- 
ure, the evidence, pro and con, is somewhat conflicting, 
but it is a well-established fact that these predators 
do prey upon the northern bison. However, they are 
not as yet anything like as destructive as they appar- 
ently were to herds on the Great Plains; that their 
depredations there were extensive is attested to by 
numerous responsible observers. 

On the northern range killings become somewhat 
serious only in certain sections; but it is quite im- 
possible with the present number of warden-observers 
to ascertain or even estimate the total losses with any 
degree of accuracy. There is unquestionably a ecom- 
paratively large number of northern gray wolves over 
the range at large; there is also an abundance of 
game for them to prey upon—easier game than buf- 
faloes. Very little evidence of buffalo kills comes to 
light, for the territory is very large with a sparse 
human population. Data would seem to indicate that 
the ratio of loss from this source is very low in rela- 
tion to the bison aggregate. 





All wolf exerement personally examined in the 
summers of 1932 and 1933, contained pelage of moose, 
deer and hare, but none of bison. Several wardens 
reported the same findings. (1935 :160) 
also mentions that of the food examined in the stom- 
achs of six wolves, which were killed in the park 
during the fall of 1934, not a trace of buffalo meat 
was found. During summer and fall, therefore, it 
appears that wolves pay little or no attention to bison 
in this region. 


Goodwin 


Careless or uninformed observers in travelling 
widely here may easily overestimate wolf abundance, 
as the animals 


activity. 


have a notoriously wide range of 
It is not uncommon for wolves to move over 
a district 40 to 50, or perhaps even 60 miles in extent. 
Therefore it is possible, for example, that animals 
reported at Murdock Creek may be the same as range 
to Point Providence and farther west. Habits must 
necessarily be taken into account in we‘ghing prob- 
able numerical abundance. 

Wolves are ordinarily more common in western 
park districts. From time to time reports were re- 
ceived from this quarter regarding packs of a dozen 
or more individuals. In the winter of 1932-33, an 
Indian saw a pack of 16 individuals near Jackfish 
Lake. Wardens R. Allan and J. Taylor reported 
packs of 14 and 12 animals in the Lake Four and 
MeNeil Lake sectors, respectively. Isidore Simpson 
while moose hunting north of Peace Point on January 
25, 1933, saw 20 wolf trails in a single day; it is not 
certain, of course, that all of these were made by 
different animals. Both fresh and old wolf trails were 
so numerous when the writer explored the upper 
Buffalo River in July, 1932, that there is no question 
In the 
same month and in early August, considerable sign 


as to their relative abundance in that quarter. 


J. DEWEY SOPER 





Ecological Monographs 

Vol. 11, No. 4 
was detected along the Nyarling and Little Buffalo 
rivers south to Lobstick Creek. 

Evidence of the species is naturally more marked, 
during the winter months, as their snow trails are 
clearly defined. The fact that considerable numbers 
remain in the park all summer is sufficient evidence 
that the animals breed here and are therefore per- 
manent residents. Several observers in the past were 
inclined to seout the idea of wolf depredations in the 
reserve, because little or no wolf sign was seen and 
no howling was heard. Thus, buffalo kills were al- 
most if not entirely blamed upon the resident Indians. 
This was a mistaken impression, though Indians were 
partly responsible for early reduction in numbers. 
The idea chiefly arose from the apparent searecity of 
wolves along main routes of travel, especially in sum- 
mer when whites were more active. Except in cer- 
tain quarters, at this season, such false impressions 
are easily gained, for spoors are little in evidence 
and one may travel genuine wolf country for months 
on end without hearing a howl, or seeing a single 
animal. 

Camsell (1902 :155A), however, properly appraised 
the situation in 1902 when he said: “The Indians are 
very careful now that none should be killed by hunt- 
ers; but are not so particular in protecting them 
[buffaloes] from the timber wolves, which are the 
cause of the lack of increase. A full-grown animal 
can easily take care of itself, but the young buffaloes 
fall an easy prey to wolves.” Graham (1923:11-12) 
made a substantially similar report based on investi- 
gations in 1922. Since long before that time the 
bison have had total protection in respect to Indians 
and whites, alike, and, more recently, timber wolves 
have been brought under control. 

It is interesting to note that individual wardens 
and Indians have gone for years without so much as 
glimpsing a wolf, for the species is possessed of great 
cunning. The writer was in the reserve for nearly 
18 months before seeing his first timber wolf, though 
during the previous two summers and one winter, 
seores of fresh trails were observed. 

Investigations indicate that, with one exception, 
wolves are most numerous in districts sparsely or 
totally uninhabited by buffalo—notably western loeal- 
ities; this has particular application to the winter 
months. In some of these areas with the greatest 
wolf population, however, moose are numerous, to- 
gether with a fair distribution of woodland earibou 
and a few mule deer. This certainly indicates that 
bison do not constitute the common and most attrac- 
tive prey, regardless of their abundance. The ex- 
ceptional district referred to above, lies in the eastern 
side of the park from about the latitude of and to 
the west of Government Hay Camp, south to Point 
Providence and west along the north side of the 
Peace. Here wolves are more than ordinarily com- 
mon for eastern localities, though it is distinetly a 
local condition. That this district embraces the main 
bison herd concentrations in winter may well be a 
major attraction, but we do not know all the factors 
involved. Here the wardens have made a successfui 
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effort to reduce their numbers. Not so much is noticed 
regarding the presence of wolves in summer; at the 
same time some of the animals are known to have 
taken up permanent quarters. In late April, 1933, 
the “Simmo’s Portage” Indians, near Point Provi- 
dence, found three litters of wolf whelps consisting 
of four, five, and five individuals, respectively, which 
were estimated to be about 10 days old. 

Dependable data in regard to wolf-bison predation 
of limited character have been accumulating for years. 
Thus Warden T. Campbell, during two winters in the 
Murdoek Creek district, found seven adult and sub- 
adult bison which had been pulled down and devoured 
by wolves. Another case was reported by Warden 
D. Arden at the base of Point Providence. A little 
later the Indian, Joe Marto, found the remains of a 
subadult bison which had been slaughtered by wolves 
near Crane Lake. Chief Warden M. Dempsey knows 
of several well-authenticated occurrences of the same 
kind. Similar evidence derives from various other 
wardens whose patrols tap the wolf-infested areas. 
It is said that wolves are incapable of making a kill 
in the forest, as their style of attack is hindered as 
the buffalo runs among the trees; but if the latter 
dares to bolt into the smallest glade or meadow along 
the way he is doomed, as the wolves close in, jump 
for throat and hock and pull him down. 

Well-substantiated evidence of calf kills appears 
to be almost if not entirely lacking. None came to 
light during the two-year investigations. Because of 
their small size, nevertheless, it is a practical certainty 
that many of them are destroyed by wolves. One 
factor against discovery may be that the tender bones 
are either eaten, or so widely seattered that the re- 
mains escape observation. If the whole matter could 
be adequately checked, it would probably be found 
that most examples killed are subadults ailing in some 
way, or individuals in the last stages of senility, suf- 
fering from the natural handicaps of old age. The 
mature in vigorous health are not likely to be attacked 
successfully and such animals may also be capable of 
protecting their calves. 

In the light of the foregoing, bison often exhibit 
a most curious indifference to wolves. In November, 
1933, the writer and his assistant, Warden Phillip 
McKay, one early morning drove the dog trains into 
a big plain 14 miles west of Government Hay Camp. 
Barely 200 yards from camp (in the border of the 
forest) a pack of 12 wolves suddenly leaped to their 
feet from beds which they had made in the rank 
grass on the open plain. After a few moments 
serutiny they fled wildly in several directions across 
the prairies, but of the numerous small bison herds 
that grazed in their vicinity, not a single one paid the 
slightest attention. About a half-hour later in a dif- 
ferent quarter, another group of four wolves was 
sighted slinking from the direction of a forested 
“island” across the plain to the west; their course 
took them close to a small group of eight or ten bison. 
The outcome was carefully watched to note the lat- 
ters’ reaction, but again the animals showed no fear 
and fed on without interruption. A week later a 
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similar group of four wolves was encountered in a 
plain west of La Butte; they fled, as usual, and a 
small herd of bison which they passed at close range 
again showed no concern whatever. 

Drowning—This type of accident seldom oceurs in 
the North. So far as the writer can ascertain, mor- 
tality from this cause takes place occasionally only 
with the spring floods, or when the waters of the 
Peace-Athabaska Delta rise with abnormal rapidity in 
early summer. At this time a number of animals are 
trapped in the lowlands so quickly as to be unable 
to gain higher ground and so are swept away. 

Drownings are probably more directly and more 
often caused by the voluntary attempt of some indi- 
viduals to eross the Peace in full flood, in an effort 
to pass from the winter forage area north of Lake 
Claire to the summer range of Alberta Plateau. The 
current is now so rapid that even the strength of the 
bison may not be able to cope with it; thus they are 
impotently borne along to sueeumb before a landfall 
can be effected. With decline of the waters, the bodies 
are found stranded on banks and in willows along the 
Peace, Slave, Rocher, and Quatre Fourches rivers. 
In the spring of 1932, one was located among the 
rocks on the shore of Lake Athabaska near Chipew- 
yan. At such a time, with a rapid rise in Peace 
River, the current sets to the lake—otherwise to 
Slave River. 

Percentage of drownings is undoubtedly low. The 
combined findings of wardens and Indians seldom 
exceed one or two dozen in a year and customarily 
the total discovered is much less. Numbers are, of 
course, overlooked, but admitting from this cause a 
per annum loss even as high as 40 or 50 animals 
(which from all recent evidence is excessive), the re- 
sult would represent less than a half of one per cent 
of the whole. 

Ventur:ng on rotten ice before the breakup very 
likely accounts for a limited mortality. The state of 
most remains, however, indicate later fatalities caused 
simply by high water drowning. Raup (1933:19) 
notes that “Upon several occasions large mortality 
has oceurred when whole bands have broken through 
lake ice in the late spring or early fall, but such are 
bound to have been of only local importance in the 
reduction of total numbers.” No details are given as 
to where these drownings oceurred. Habits of the 
bison, wherever found, are such that an accident of 
this kind could have oeeurred as readily in the North 
as we know it did, for example, long ago in the Red 
River of Manitoba. There is apparently no evidence 
that such a major mishap has overtaken the bison in 
recent times on the northern range. 

Climatic Conditions—In normal years, at least, 
vagaries of climate appear to have no material in- 
fluence on the welfare of bison. Consequently, so 
far as can be ascertained, it is not a faetor to be 
seriously weighed. Certainly it would not’ apply 
directly to adult animals in a healthy state, though 
exceptional severity of long-continuing low temper- 
atures, in some winters, might hasten the passing of 
the aged, or animals weakened by sickness or accident. 
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There is a bare possibility of some little calf mor- 
tality in the early spring, arising from extraordinarily 
harsh weather; yet, since the organization of the park, 
nothing of note has come to light, so that with av- 
erage conditions external influences are not likely to 
prove injurious. The attractive calf crop observable 
by mid-summer, or earlier, clearly argues in favor of 
this conelusion, as well as the absence of any other 
real or theoretical menace of serious magnitude. The 
hardihood of the bison calf is undoubtedly such as to 
successfully resist very considerable deviation from 
mean conditions; cold winds and late 
are, in any event, rather common features of a nor- 
mal calving season in this latitude. 

Exeessive snowfall with mid-winter thaw, sleet, and 
freezing again at severe sub-zero temperatures, is un- 
questionably the gravest danger. Vague reports were 
heard of such an oceurrence many years ago, alleged 
to have been disastrous to bison. It seems to be well 
established, however, that such calamities are exceed- 
ingly rare. In the above respect, one of the most 
suggestive bits of evidence is contained in Preble’s 
report (1908 :145-46). Two men on their way to the 
Yukon in 1871 made a portage from Peace River to 
Hay River, evidently in the vicinity of Watt Moun- 
tain. Here they saw “thousands of buffalo skulls” 
along the portage route and trails two to three feet 
deep. Later, making an inquiry regarding this self- 
evident disaster, they were informed that, about 50 
years before, snow fell to an estimated depth of 14 
feet and so enveloped the animals that they perished 
by thousands. 

Dawson (1881:54B) writing of the Peace River 
country about 1880, remarked that “The Indians state 
that the extinction of the buffalo was not entirely due 
to the introduction of firearms and the active hunting 
carried on for the supply of the Hudson Bay forts, 
but that all remaining were killed many years ago by 
an excessively severe winter when the snow was over 
the buffaloes’ backs.” Whitney (1896), in 1895, 
could learn of no wholesale slaughter in the past; he 
also mentioned a thaw and freeze of about 30 years 
before which was disastrous to bison. Mair (1908: 
83) writing of the Peace River region in 1908 (based 
on his journey there in 1899) says: “The existing 
tradition is that, some sixty years ago, a winter oe- 
curred of unexampled severity and depth of snow, in 
which nearly all the herds perished, and never recov- 
ered their footing on the upper river.” 

Commenting on reported occurrences of this kind, 
Raup (1933:20) writes as follows: 

“An event of more recent years should be noted 
in this connection. The winter of 1927-28 was an 
unusual one due to an early spring thaw. About the 
middle of March there were four days of a warm, 
southwest wind, with an excessive thaw, when the 
snow was melted so much that the packed sleigh 
trails were left as icy ridges, making travel difficult. 
Following the fourth day, which was the warmest, 
there was a hard freeze, making a glare of ice and a 
erust about half an inch thick. The buffalo were not 
seen in the open places after this freeze. They en- 
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tered the woods or the small sheltered sloughs, where 
the thaw had not been so great nor the crust so 
thickly formed. If the thaw had been of slightly 
longer duration, or the freeze a little harder, serious 
damage could have been done, and it is not difficult 
to see how the similar incident cited by Ogilvie and 
Whitney could have caused the losses reported.” 

Bogs, Sink Holes, ete-——Perishing in bogs, ponds, 
sink holes and small rivers of the interior is evidently 
uncommon. No instance was personally observed, 
though two or three cases were reported. This is 
recognized as an ever present potential danger, but a 
danger, on the whole, which the bison seems skillfully 
to avoid. 

Several years ago, Chief Warden Dempsey in- 
formed the writer of a large, bull wood bison which 
drowned in a small lake in 1923. This lake is sit- 
uated about 22 miles west of Slave River on the road 
to Pine Lake. At that time, the road and telephone 
crews were camped at the spot, during the construe- 
tion of the line. One day a huge bull dashed into the 
camp, scattering the men in all directions. After 
snorting, pawing the ground and charging about for 
a time, it rushed away through the woods, plunged 
into the lake and drowned near the shore within 
sight of several witnesses. During the episode it was 
discovered that the animal was totally blind. The 
little body of water was henceforward known as 
Blind Bull Lake. In 1932, Warden Dempsey led the 
writer to the spot when the skull was recovered from 
the muddy bottom; it is now in the National Museum 
of Canada. 

Sink holes are fully described in a previous chap- 
ter. These occasionally present a pitfall to the un- 
wary individual, especially where the subterranean 
cavern has been well formed, with a thin roof, prior 
to its eventual collapse. An animal walking over this 
to cause a ecave-in, could well be precipitated to his 
death below. 

A full realization of this possibility is gained from 
Graham (1923:7), who wrote regarding the present 
Wood Buffalo Park area: “Some of these pot holes 
were formed while the writer was present on the 
range. On one oceasion the fresh wallow of a 
large buffalo was noted and the imprint of the hump 
was broken by the lip of a new pot hole, the earth 
beside the buffalo having apparently subsided while 
the animal was in the act of wallowing. The foot- 
prints showed that when the animal rose, its foreleg 
had punched holes on the edge of the new erater. It 
must have come within an ace of falling into a pit 
some thirty feet deep with almost perpendicular sides. 
The skeletons of buffalo are occasionally found in 
such holes.” The writer carefully examined many 
seores of these remarkable features on the range, 
without observing any buffalo remains, so it is evident 
that mortality through them is of very limited extent. 

In the early winter of 1933, two adult animals were 
found drowned in a deep, old relic channel west of 
Baril River. They had broken through the ice mid- 
way between the shores while attempting to cross; 
despite the desperate fight most clearly made to es- 
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cape, the ice resisted their efforts to batter a way 
to land until they were finally overcome. 

Forest Fires—These may well constitute a genuine 
hazard to the herds if serious outbreaks succeeded 
in getting completely out of control. Not only would 
such be highly damaging to many forage areas, but 
the lives of the animals themselves would be en- 
dangered. Grasslands would not so much suffer, with 
a fire sweeping rapidly across them, but smouldering 
forest fires in litter and peat can be very destructive; 
much of the foraging of bison is done in such forested 
areas. 

The greatest risk lies in forest fires which might 
start in the densely timbered tracts along Peace and 
Slave rivers. These are very important bison resorts 
at one time or another and embrace considerable ter- 
ritory. About 1925 a disastrous fire swept most of 
the country immediately west of Slave River, from 
Rocky Point to about latitude 59° 16’ N., covering an 
area reckoned at more than 100 square miles. For 
bison and most other forms of wild life the area has 
been practically useless ever since. Such green stands 
as escaped within the fire-swept district, however, are 
again resorted to as before. Pure grasslands within 
the area were little damaged and made a quick 
recovery. 

Fires originating along Slave River, fanned by 
strong easterly winds, would travel rapidly toward the 
interior, but most of the treeless plains in that diree- 
tion would serve as an effectual check. One important 
feature of the reserve is that large tracts are made up 
of island-like wooded areas surrounded by grass plain, 
sand ridge or muskeg, which materially reduces fire 
hazard at any time. 

With the smaller fires—of which there have been 
many—bison and other animals are easily enabled to 
escape; as stated above, the great majority of these 
are automatically localized by muskegs, ete. Rarely, 
fires are accidentally started by Indian permittees, 
while others again appear, after close scrutiny, to 
have been caused by lightning. Thus summer fires 
have been known to start on Alberta Plateau at a 
time when not a single person remained in the inte- 
rior. The establishment of park fire towers, telephone 
lines, roads and trails now lend more effective protec- 
tion against this hazard. 

Miscellanea—Other agents which might operate 
against natural inerease include disease, chronie abor- 
tion, and calf mortality from causes other than wolves 
and climatie conditions. Of these we know practically 
nothing in the wild cireumstances of the northern 
range. With the ostensibly healthy condition of the 
bison there, disease can constitute but a very minor 
factor, and this at times even indirect, as in the ease 
of ophthalmia, an instance of which has been already 
mentioned. Violent deaths from falling, or the result 
of broken limbs, have not been noted so far as the 
writer can ascertain. 

The natural death of the aged is scarcely a feature 
to be observed in a review of the elements bearing 
on mortality, though, of course, it is a decided factor 
in balancing births in relation to population increase. 
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Of these things next to nothing is known, except by 
deduction, because of the primitive conditions in- 
volved. Accurate counts cannot be achieved as in 
smaller, enclosed parks. These many years, limited 
poaching by Indians, halfbreeds and others has be- 
come practically abolished; resident Indians of the 
reserve are law abiding to a very satisfactory degree 
and infringements of the Game Act are becoming 
increasingly rarer. 


DETECTION AND CENSUS METHODS 


The reader who has persisted thus far, will have 
already gained a correct impression as to the general 
difficulty of finding and counting bison in Wood Buf- 
falo Park. Summer is particularly poor for arriving 
at anything distantly approximating a correct esti- 
mate of the buffalo population; in fact, it is an utterly 
impossible achievement. The herds at this season are 
broken up and widely scattered and occupy a much 
larger area than during the winter. 

In summer, moreover, the animals frequent heavily 
wooded areas, whereas in winter they habitually feed 
in open plains and meadows where they are easier 
observed. At the latter time, too, there is help from 
easily seen trails and feeding signs for some knowl- 
edge of numbers and distribution even when the ani- 
mals themselves are not encountered. Some rough 
result might be worked out for the summer range on 
the basis of observational frequency, but this ean 
never be satisfactory; nor ean it hold out the slightest 
hope at any point that the method is not hopelessly 
in error. For a wilderness the size and type of that 
comprising Wood Buffalo Park, the difficulties are 
great in this respect and, in part, will always be in- 
superable. It is true that certain key figures for 
well-worked unit areas may be used on the assumption 
that they represent other sections which have not been 
seen due to difficulty of access, lack of time, weather, 
or other reasons, but the method is unsound. In 
practice, the unit area on the winter range is the only 
approximately scientific and reliable starting point 
available; yet even here qualifying elements must be 
taken into consideration to avoid false conclusions. 

The former Department of the Interior made an 
early effort to cireumvent the difficulties and uncer- 
tainties of the ground by making an aerial census. 
Under direction, the undertaking was carried out by 
the Royal Canadian Air Foree. Orderly lines of flight 
were followed over the eastern plains region in win- 
ter where it was correctly judged that the majority 
of the bison were assembled. A regular topographic 
survey camera was installed in the plane and photo- 
graphs taken of every herd and individual buffalo 
detected in relation to township and range. Coinci- 
dentally, a warden checked this by making a direct 
visual count. While in theory and actual mechanies 
in the field the method was excellent, it nevertheless 
failed for several reasons. Chief of these was the 
fact that, at any particular time, large numbers of the 
animals are hidden in the forest. The actual aerial 
count was 1,931. Based on later determinations, it 
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became known that this at the time represented only 
about 20 per cent of the total. It is seen, therefore, 
that the aerial census method is not adapted to big 
game in wooded, or semi-wooded country. 

A report of Chief Warden Dempsey, following the 
aerial surveys in which he participated, notes that 
bison ean oceasionally be seen standing or running 
in the timber; in this ease the forest growth is thin. 
Where it is thick they are effectually hidden and large 
areas are of this density. He says further that “The 
country is heavily timbered which made counting 
very difficult, as the buffalo seen in the open would 
run into the timber and some herds would run out of 
it; sometimes a herd running through a ridge of tim- 
ber would emerge on the other side with its numbers 
increased, which made it uncertain if the same buffalo 
were counted twice.” It is noted that this agitation is 
shown only when the machine is at the lower attitudes, 
but that “when the ’plane is flying at two thousand 
feet the buffalo appear to take no notice of it and 
continue to feed.” 

The shortcomings of the aerial method are espe- 
cially pronounced in summer. Thus, it may be men- 
tioned, in passing, that the writer was flown by the 
Royal Canadian Air Foree, on September 5, 1932, a 
distanee of 500 miles over the reserve. A very con- 
siderable portion of this was above the well-known 
summer range which is largely wooded and where on 
that date thousands of animals resorted. The flight 
was maintained at from 1,500 to 2,000 feet, a height 
at which bison are readily detected, yet on the entire 
flight only two were seen—an adult pair on the shore 
of the river near Peace Point. 

As earlier pointed out, the nearest reliable means of 
obtaining an approximately accurate notion of the 
buffalo population is to concentrate on the eastern 
plains where most of the animals spend the winter. 
Actual counts ean be made there in the numerous 
isolated grasslands. The average of these, for esti- 
mated unit areas, can thereafter be applied to other 
parts of similar nature in the eastern range; this is 
necessary in a one-man survey, as no single observer 
“an possibly cover all territory in a single season, 
even if deep snow does not further interfere. The 
tentative results of this method, extending over a 
considerable period, are presented in a 
chapter. 

Of fortunate assistance in the work is the sedentary 
nature of the bison at this season, for the same herds 
may be fairly well depended upon to roughly oeceupy 
the same feeding areas for weeks at a time. Exten- 
sive travelling in adjacent forested areas helps to ap- 
proximately determine the percentage of animals 
which, on an average at any time, may be temporarily 
absent from the plains. This is considered normally 
to be never less than 25 per cent; under varying con- 
ditions it is inereased, as during blizzards, until none 
are left in the open. 

Aside from the winter concentration area in the 
east, it is now known that only a relatively small frac- 
tion of the total bison population occurs over a por- 
tion of the remainder of the park at this season. This 
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was best ascertained by a method of assumed propor- 
tional distribution based on a ratio of frequency de- 
rived from thousands of miles of travel. Thus, in 
projecting lines of march east and west, and north 
and south, over representative sections of the country, 
the six-mile-square township may be used in the end 
as a convenient unit area upon which to base ealeula- 
tions from tabulated field data. Much of this has been 
indirectly gone into before in diseussing distribution 
and need not be repeated. It may be said here, how- 
ever, that many insuperable difficulties are introduced 
to hinder, or absolutely prevent, an accurate appraisal 
of population, which is not readily comprehended 
without actual experience. Some features have already 
been directly, or indirectly, noticed. For the sake of 
further demonstrating this contention, another specific 
proposition may be mentioned. 

We may take the proposal, for example, that in 
theory (though in practice impossible) a network of 
parallel lines everywhere six miles apart, is travelled 
for close observation throughout the reserve. This 
would entail about 5,500 miles, or some 40 weeks of 
continuous travel at the average rate of a dog train 
in the forest, though snow, for the purpose, lay on 
the ground throughout the year. But even were such 
an ambitious, one-man program possible of achieve- 
ment, it would still bring but a small fraction of the 
park under actual observation, for in wooded country 
it is impossible to see farther than 100 to 150 yards 
on either side of the trail. In short, throughout such 
territory only a little over two square miles, at best, 
could be closely scrutinized out of every township of 
36 square miles. 

Were all parallel lines of travel, in this theoretical 
picture of coverage, reduced to a proximity in which 
range of visibility on either side would meet, this 
then would involve 96,000 miles, or about 12 years of 
continuous travel for a single observer. Though fan- 
tastie, it is nevertheless interesting, in so far as this 
would be absolutely necessary on the part of any per- 
son who designed to bring the whole of Wood Buffalo 
Park under direct, though fleeting and superficial ob- 
servation. Even then, it would be required of the 
original bison to stand motionless for the 12 years 
until the count were completed, during which again 
the compounded natural increase in the earlier years 
and simple increase in the later ones, would be an 
unknown quantity up to the eleventh year, as the 
census would be completed in the twelfth. This theo- 
retical undertaking would again be further compli- 
eated by poor visibility, bad weather, possible sick- 
ness, and time off for the replenishment of supplies. 

It will always be difficult, with the forested eondi- 
tions in the park, to arrive at an approximately ae- 
curate census of the bison by either aerial or ground 
patrols, or both. Census taking of wild mammals has 
always been regarded by naturalists as more or less 
unsatisfactory, if not impossible. Many methods have 
been evolved, greatly varying in nature with different 
species, large and small. In the great majority of 
cases the discrepancy between findings for unit areas 
and the actual numbers of animals therein must re- 
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main unknown. In the ease of the bison, both aerial 
and ground patrol methods are a means to an end 
and valuable on this account, but neither method alone 
is eapable of anything like definite results; used in 
conjunction, however, with the aerial census confined 
to the eastern plains during fine winter weather, and 
the ground patrols checking the bush areas to the 
west, it would seem that very creditable approxima- 
tions may be achieved. A feature of further assistance 
is the fact that each warden may have a very shrewd 
idea of the number of bison in his particular patrol 
area, and these combined and checked with other re- 
sults, would remove the element of uncertainty to a 
very considerable degree. 


TRAVEL HINTS FOR THE BISON RANGE 


Aside from a matter of expediency, a clear under- 
standing of travelling conditions greatly promotes 
personal welfare and-efficiency in any particular re- 
gion. This is as true of Wood Buffalo Park as else- 
where. Coverage of so large a hinterland involves the 
same knowledge, skill and equipment as required in 
penetrating similar country elsewhere in the Far North. 
Entry then, will be made only after suitable prepara- 
tion. The park area, in fact, has not only all ordinary 
wilderness qualities, but presents additional cares and 
responsibilities in the presence of large bison herds 
and the observance of government regulations pecu- 
liar to the area. 

Every season presents different problems. In cli- 
matie conditions alone radical changes take place and 
it also follows on this account that there are enforced 
alterations of personal outlook, outfit, and approach. 
The year-round scientifie traveller will have recourse 
to many methods; these may embrace the use of air- 
plane, motorboat, canoe, pack and saddle horse, team 
and wagon, dog sled, horse and flat sleigh and the 
art of strenuous cross-country walking. Previous ar- 
rangements must, of course, be made with the park 
administration, including application for the neces- 
sary permits from Ottawa. The warden service is 
excellent, well equipped, and composed of men expert 
in the ways of the backwoods to whom the require- 
ments of scientific investigations are not an unknown 
quantity. 

In the Far North, the airplane is constantly becom- 
ing a more common mode of travel. One of the busi- 
est air lanes on the Continent extends northward from 
Edmonton to the Arctic; a portion of this main route 
lies along the eastern fringe of the bison reserve at 
Slave River, where machines may be engaged for 
flights over most of the area. In certain matters 
ground work will never be entirely replaced, but 
where feasible and desirable, one may get to certain 
points by airplane in a matter of hours, which by 
dog sled or pack horse would require weeks of time. 

Main air bases exist at Chipewyan, Fitzgerald, 
Forts Smith and Resolution. On oeeasion, arrival and 
departure may be arranged for park headquarters on 
Slave River. During summer, pontoon landings are 
possible nearly everywhere along the larger rivers and 


History, RANGE, AND Home LIFE OF THE NORTHERN BISON 407 


lakes, as well as with skis in winter, but at the latter 
season much will depend on the character of the ice 
and snow for impromptu landings. Summer is the 
best time for extended flights over unfamiliar districts. 
For emergency or other landings there are now mul- 
titudes of available lakes with known uniformity of 
surface. Eastern, southern, and parts of the western 
park areas are practicable, but care is required over 
extensive upland sections where lakes are scarce, or 
entirely wanting. In certain localities many fine lakes 
offer attractive destinations for the rapid and safe 
landing of scientific personnel and equipment. The 
most convenient in the central uplands are Lane, 
Pine and Flatgrass lakes, all with pleasant surround- 
ings. Others such as Four, Conibear, Thultue and 
Buffalo lakes are available for more western investi- 
gations. In the south there are the large Lakes Claire, 
Mamawi and Baril and many smaller ones. 

On the ground, lowland sections are best reached by 
means of numerous waterways. The largest of these 
are Slave, Peace, Birch, Rocher, Revillon Coupe, 
Quatre Fourches, and Athabaska rivers. In addition, 
excellent travelling conditions prevail, in suitable 
weather, on Athabaska, Mamawi, Claire, and Great 
Slave lakes. With a little care, a small party will do 
well anywhere here with a large freighter canoe pro- 
pelled by a medium-sized outboard motor; or, if 
preferred, a more commodious motorboat may be 
employed. A particular disadvantage with this, how- 
ever, is that smaller, tributary streams cannot be 
ascended, which are readily covered with a canoe. 
Again, with a canoe, log jams, rapids, and shallow 
water can be negotiated, where the heavier motor- 
boat cannot be taken. There are also decided advan- 
tages in the ability to haul out easily at temporary, 
or semi-permanent camps, during very rough weather. 

In addition to the foregoing waterways, the freighter 
canoe is entirely suitable for certain other park 
streams. Among these are numerous channels of the 
Peace-Athabaska delta, Murdock Creek, the lower 
portions of Salt, Little Buffalo and Nyarling rivers, 
and Buffalo River. The lower part of the latter has 
a violent eurrent, demanding a powerful outboard 
motor if much tracking is to be avoided; above 
Buffalo Lake the stream is comparatively tranquil 
(though with many short rapids and riffles) and may 
be easily ascended for a hundred miles or more. 
Streams which originate in Caribou Mountain, to dis- 
charge into Buffalo Lake, ean be navigated for only 
a short distance owing to shallow water. Only a small 
canoe is of any use on the Little Buffalo above the 
falls, on Salt Creek, Jackfish River, tributaries of 
Bireh River, and other streams. A characteristic of 
those on Alberta Plateau is their sinuosity in which 
airline distances are several times multiplied. Other 
features are the alternating slack reaches and shallow 
rapids, overhanging shrubbery, and the numerous 
portages resulting from log jams, rocky riffles, and 
beaver dams. In many eases, however, the latter are 
far more help than hindrance to the traveller, as the 
now deepened channels remove many a shallow water 
difficulty. 
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The stream best serving the investigator in the 
heart of the interior range is the upper Little Buffalo 
River. At its headwaters, a cluster of the larger lakes 
may be reached from it also, either via small conneet- 
ing ereeks, or portages of reasonable length. It euts 
numerous morainie ridges and rolling uplands, in- 
eluding the notable Ninishiths; it thus offers, in good 
buffalo country, many opportunities for side trips 
afoot. A mile-long portage is necessitated around the 
triple falls just within the Northwest Territories. The 
canyon below presents only casual difficulty and from 
here to Great Slave Lake the course, though very 
crooked, is easy and pleasant. 

Sass, Klewi, and upper Nyarling rivers are im- 
practicable, as are also the higher reaches of Salt 
River. Numerous upland lakes display attractive pos- 
sibilities, but the difficulty is to reach them with a 
canoe. Few chances exist for the use of lake-chain 
routes, without long, laborious portages; the various 
bodies are either quite isolated without inlet or outlet, 
or the swampy, connecting creeks are unnavigable. 
A feasible exception lies in a long depression south 
of Pine Lake. From here, with portages and a good 
stage of water, one may canoe through a delightful 
series of meres in the bison uplands to Lane and 
Pierre lakes, and if desired, on down Salt Creek to 
Slave River. Especially inviting range lies in this 
lake sector and along the lower course of Salt Creek. 
Extensive studies of the bison may be made in all, or 
any of these quarters. In the upland region, these 
opportunities by canoe are unfortunately rare; more- 
over, excursions are strictly limited in result unless 
bolstered up with more prolonged, hard walking and 
portaging than time and superior alternatives actually 
warrant. 

In the summer range, the crux of the situation lies 
with pack and saddle horses. There is liberal freedom 
in time and space and unlimited capacity for pene- 
trating the best haunts of bison over the entire range. 
A happy feature is the fact that wherever the buffalo 
ean go, horses can follow. Given ample herbage for 
good feed and a party can stay out for months and 
travel many hundreds of miles. Certain available 
routes inelude the well-known ones from Government 
Hay Camp west via Pine Lake to Conibear Lake; 
from Pine Lake south to Peace Point and north to 
Salt Mountain; from Pine and Junction lakes to 
Sucker Creek; and along the eastern fringe of the 
territory from Salt River Settlement, or the Mission 
Farm, via Fort Smith, Fitzgerald and park headquar- 
ters to Rocky Point, Peace River. 

There are many secondary horse routes in addition. 
One is sometimes used from Fort Smith by way of 
Flatgrass Lake to the Ninishith Hills and Conibear 
Lake. The Indians also know a trail from Salt River 
Settlement via Lobstick Creek and the uplands, north- 
west to Nyarling River. The longest possible one-way 
journey with horses extends from the latter stream 
via Little Buffalo River Falls, Junction and Pine 
lakes, to Peace Point—a distance by trail of about 
175 miles. Altogether aside from established trails, 
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penetration is also possible to numerous outlying see- 
tors that are less familiar. Making this feasible. in 
particular, are large tracts of semi-open pine and 
poplar woods and barren ridges where very fair 
progress may be made. In such unorganized territory 
buffalo trails are often most helpful. 

A serious drawback to horse travel in summer is 
the almost insufferable plague of insect pests, which 
is a real hardship for both man and beast. The mos- 
quito and bulldog fly season persists, at its worst, 
from about June 10 until early August. “Bulldogs” 
are particularly troublesome for horses during the 
heat of July, whereas man suffers most from mos- 
quitoes. For humanitarian reasons it is best to relin- 
quish such travel in the middle of the season. 


During these few weeks the horse may be kept off 
a man’s conscience by planning useful canoe trips in 
the interim. If this is inexpedient, then tireless pre- 
cautions are required. About once an hour all day 
the animals should be treated with a fly repellent and 
a smoke screen must be provided for the animals to 
stand in at night. After packs and saddles are re- 
moved and bells and hobbles applied, an extra wipe 
with the “dope” rag is desirable before they are 
turned loose to pasture. Of their own accord, the 
animals will resort at intervals to the fenced-in 
smudges. During hot weather, especially, backs must 
be watched carefully for saddle galls and bathed and 
treated when necessary. As the “bulldogs” are no- 
tably ferocious at this time, extra care is required to 
prevent stampeding of pack horses, with consequent 
danger to equipment. At this season the animals 
should not be picketed in pasture, but hobbled, and 
allowed freedom to alternately feed and visit the 
smudges. 

The most desirable pack and saddle horse seasons 
are late spring and early summer, and during the 
fall. Conditions are especially pleasing at the latter 
time; flies are done, and forage is abundant. One 
may now travel with comfort, satisfaction and profit 
from mid-August until at least the early half of Oc- 
tober. Several similarly pleasant weeks ean be uti- 
lized in the pre-fly period of late spring, if desired, 
but more difficulties are encountered in boggy ground; 
also trails which later in the year are dry, may now 
be covered with water, and forage is searee, or en- 
tirely lacking. If very early, some feed must be ear- 
ried to supplement what grasses the horses may be 
able to find en route. In some areas a team and wagon 
may be preferable. They may be taken as far west 
as Pine Lake and on the road between this point and 
Salt Mountain; from here the animals may be em- 
ployed, in turn, with pack and saddle, to reach less 
accessible parts of the plateau. 


For the comfort and efficiency of a summer party, 
a good fly-proof tent is an absolute essential. This 
should be furnished with several ventilators and a full 
bobbinet front. Ample allowance should be made to 
fold the sereen along the ground under a floor “tarp” 
to prevent insects from entering. An 8’ x 10’ silk 
tent is ideal for horse or canoe travel, but a light- 
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weight duck also serves, though hard to dry with fre- 
quent rains. Upon camping, immediate freedom from 
flies ean be assured by spraying the inside of the tent 
with a “dope gun.” Proper attention to these details 
will insure unbroken sleep, comfortable meals and 
preparation of scientifie specimens, ete. 

Equal care is necessary in the selection of field 
clothing. Seemingly insignificant points are fre- 
quently of considerable moment; appraisal of native 
mode of dress is to be recommended. If too thin 
clothing is worn, mosquitos easily pierce through to 
the skin. The differential motion of two shirts will 
prevent this in action, while comparatively thick 
breeches, and top boots, leggings, or puttees are to 
be chosen for the same reason. A good insect repel- 
lent is necessary for face, neck and hands, but at the 
height of the season final reliance should be placed in 
a headnet and gloves. The writer devised a headnet 
with a small rectangle of celluloid let in the front, 
which greatly increases clarity of vision. Unless the 
above minimum precautions are taken, one may as 
well, or better, stay at home, for otherwise distress 
is so keen and loss of sleep and rest so great, that 
the mind is essentially disqualified for serious scien- 
tifie work. 

At this season cooking is done over an open fire. 
If this fire is built first, immediately upon selecting 
a camp site, the resulting smoke screen will mate- 
rially reduce insect attacks while pitching the tent, 
unsaddling horses, ete. Supper ean then be pre- 
pared, and eaten inside. On all but the shortest trips, 
fresh bread, biscuits, and roasts are most effectively 
prepared with a folding reflector baker set before the 
camp fire. 

Pack and saddle horses are not normally used after 
late fall. With the first substantial snowfalls of early 
winter, however, the animals may still be essential in 
connection with flat sleighs. The latter is toboggan- 
like in build and eapable of carrying about one-half 
ton which is hauled by a single horse. Such outfits 
may be taken on suitable trails in the woods, but they 
are particularly useful in travelling the plains. At 
this season oats and baled hay are earried and the 
horses heavily blanketed at night in a sheltered forest 
camp. In all horse travel, practical care is taken to 
avoid trouble with bison; this is particularly to the 
point with sullen, old bulls contesting the right of 
way on solitary trails. In such eases the bulls are 
given the benefit of the doubt. 

Camp equipment at this time of year consists of a 
durable tent, with a small sheet-iron stove and tele- 
scopic pipe, eiderdown sleeping bag, ground robe, 
snowshoes, and a good axe of medium weight for 
every member of the party. Food selection is such as 
to be as nearly non-freezable as possible and easily 
prepared; it is of course cooked on the stove inside. 
As streams are rarely handy, snow is gathered for 
beverages and all culinary purposes. This feature 
makes it possible to tarry, in certain districts, where 
the total lack of water in summer would prevent. 
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Except on main roads, the use of horses is relin- 
quished as real winter sets in. From now until spring 
all prolonged. and serious travel on the range is done 
with a carryall type of toboggan and a tandem train 
of five or six dogs. The season usually lasts from 
about the middle of November to at least early April. 
During this time one may travel 2,000 miles or more, 
depending on general weather conditions and the 
amount of snowfall. The ordinary gait of a dog train 
is five or six miles per hour, but this is eut down in 
low temperatures until 20 or 25 miles a day is no 
mean task. With filled trails after heavy snowfall 
and wind, a very hard day may see an advance of no 
more than 10 miles; again, on slick trails of early 
spring, the dogs can as easily do upwards of 45 or 50 
miles in a single day. 

The bane of winter travel consists of very low tem- 
peratures and heavy snowfall. In the former ease, 
even with open trails, the snow is gritty and the 
draught greatly increased; in the latter, going is la- 
borious in soft snow with every member of the party 
on trail-breaking snowshoes to open the way for dogs 
and sleds. These special “webs” are narrow and of 
medium length; they are designed to break a trail 
the width of a toboggan and to pack it firmly. For 
scouting purposes, without dogs, large snowshoes are 
employed so as to bear one up nearer the surface 
with a minimum of effort. When a trail is freshly 
“broken out,” a single night of freezing weather suf- 
fices to harden it, thus offering good travelling con- 
ditions the following day—providing, of course, a 
heavy snowfall does not oceur again during the night. 

Owing to the many difficulties encountered in win- 
ter travel (and taking into account the comparatively 
small toboggans and dog trains used in forest travel), 
equipment must be reduced to absolute, simple es- 
sentials. Two teams in company operate easier than 
one because the outfit is divided, while the trail- 
breaking is reciprocal with more miles and less ex- 
haustion for men and dogs. Dog feed is the most 
serious item, which at the start usually weighs more 
than all else combined; it invariably does on the 
longer journeys. Dogs are fed but once a day, and 
this at night. A patent, concentrated ration is better 
than fish, cornmeal, tallow, ete., as it is lighter per 
diem unit of feed and requires no cooking; moreover, 
the effective “cruising radius” is considerably greater. 

Mid-winter camp equipment is similar to that al- 
ready mentioned for late fall and early winter. Nat- 
urally, the very finest underelothing is required, 
topped by snowpants and parka, with thick, warm 
duffels and “mukluks” on the feet; especially if much 
snowshoeing is done, the latter require very careful 
dressing. The sleeping bag should be the heaviest 
genuine Aretie eiderdown obtainable, as temperatures 
sometimes drop to 60 or 70 degrees below zero. 

The tent is best of balloon silk owing to light 
weight. It may be double, or single, but if the latter, 
a light cotton fly should be provided to prevent snow 
falling on the tent, melting and freezing. A light, 
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cheap fly is highly desirable also as a spark arrester; 
if not used, many holes will be burned in the silk 
roof by embers falling from the smoke pipe. The 
latter, incidentally, should be of good length. If sev- 
eral days are spent in one place it is worth while to 
bank the tent wall with spruce boughs and snow, thus 
materially increasing comfort of the camp. 

In winter camping the tent is invariably pitched 
over a rectangle of snow firmly tramped down with 
snowshoes and blanketed with a deep layer of spruce 
boughs. Bedding and equipment-are arranged on top. 
With a brisk fire in the small sheet-iron stove, very 
low temperatures can be endured with a remarkable 
degree of comfort and a sense of well-being. It is 
possibly needless to add that clothing should be well 
dried every day, to prevent frost bite and deprecia- 
tion of vitality. No part of the technique of winter 
travel is of greater importance than care of the ex- 
tremities, on the success of which an expedition may 
easily stand or fall. 
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LIMNOLOGICAL STUDIES IN CONNECTICUT 


VI. THE QUANTITY AND COMPOSITION OF THE BOTTOM FAUNA OF 
THIRTY-SIX CONNECTICUT AND NEW YORK LAKES 


INTRODUCTION 


Although typological classification from the stand- 
point of bottom fauna has featured prominently in 
European limnology at least since the early work of 
Thienemann (1913), American workers have neglected 
this aspect of their science; this neglect is remark- 
able in view of the number of exeellent studies of 
benthie productivity of American lakes, particularly 
those of Juday (192la, 1924), Eggleton (1931), and 
Rawson (1930). In consequence, before undertaking 
any serious investigation of the development of lakes 
by means of a stratigraphic examination of animal 
microfossils, the author found it imperative to arrive 
at an acceptable systematic scheme in the light of 
which observed changes in the faunal composition of 
postglacial sediments could be understood. The in- 
quiry into the bottom fauna of Connecticut lakes was 
begun in 1937 with this essentially qualitative aim in 
mind. It was soon recognized, however, that the quali- 
tative approach to problems of typology was inade- 
quate, and during the seasons of 1938 and 1939, under 
the auspices of the Connecticut State Board of Fish- 
eries and Game, quantitative determinations were ex- 
tended to embrace a total of thirty-six lakes. 

Most of the work has been carried out at the Os- 
born Zoological Laboratory, Yale University, where 
the author has had the inestimable benefit of Profes- 
sor G. Evelyn Hutchinson’s guidance. Grateful ac- 
knowledgment is also made to other members of the 
laboratory, especially to Miss Anne Wollack, Dr. Gor- 
don Riley, Mr. Harry Turner, and Mrs. E. 8. Deevey, 
Jr., and to colleagues of the Biological Survey of the 
Connecticut State Board of Fisheries and Game, Mr. 
Lyle Thorpe, director, and Mr. James Bishop, for 
valuable help in field and laboratory. Continuation of 
the investigation through the academic year 1938-39 
was made possible by the award of a Sterling Fellow- 
ship in Biology. Data obtained in 1937 were incor- 
porated in a dissertation presented to the Graduate 
School, Yale University, in candidacy for the degree 
of Doctor of Philosophy in 1938, but the present pa- 
per is an outgrowth, not a portion or a revision, of 
that work. Laboratory and statistical work was com- 
pleted at the Rice Institute. The author is indebted 
to the following authorities for identifications: Dr. 
QO. A. Johannsen, Cornell University (Chironomidae) ; 
Dr. C. K. Townes, Cornell University (Chironomus) ; 
Dr. C. MeL. Gilbert, University of Virginia (Rhab- 
docoela) ; Dr. T. K. Ruebush, Yale University (Rhab- 
doeoela). 


DESCRIPTION OF THE AREA STUDIED 


The principal features of the regional geology, eli- 
mate, and limnology of Connecticut have been dis- 





cussed in earlier contributions (Riley, 1939, 1939a, 
1940; Hutchinson, 1941; Deevey, 1939, 1940). and 
need only brief recapitulation here. The highlands of 
the state are composed of insoluble erystalline rocks 
and are divided into two quite similar provinces 
(Eastern and Western Highlands) by the Connecticut 
Valley Lowland, developed in sedimentary and igneous 
rocks rich in iron. The Taconic Section, or southern 
portion of the Berkshire Hills, in the northwest ecor- 
ner of the state, is especially characterized for limno- 
logical purposes by the only important limestone 
formation, the Stockbridge marble. The regional litho- 
logie differences have been shown (Deevey, 1940) to 
exercise a profound limnological influence, in that 
highland lakes are much poorer in total phosphorus 
and in phytoplankton than lowland lakes; the state as 
a whole is markedly oligotypie for phosphorus, the 
highlands being especially so. The probability that 
fundamentally eutrophic lakes are confined to the low- 
land is discussed in a later section. Hard-water lakes 
are found only in the Stockbridge marble, but al- 
though the majority of lakes in the highlands are soft, 
some medium-hard waters are found in these areas as 
well as in the lowland. 

Although the abundant rainfall (from 45 to 50 
inches per year) and glacially disorganized drainage 
combine to produce numerous bodies of standing wa- 
ter deserving the name “lake,” none of them is large 
or deep. The largest natural lake, Bantam Lake, has 
an area of 405.4 ha. (4.054 sq. km.) and is only 7.6 
m. deep. The artificial Candlewood Lake, however, is 
2,270 ha. (22.70 sq. km.) in area. The deepest lake 
yet found in the state, Wononsecopomue Lake, has a 
maximum depth of 31 m. Loeal and geographic use 
of the terms “lake” and “pond” is not consistent by 
any limnological criterion, and all bodies of water 
considered in this paper are regarded as “lakes,” ir- 
respective of the presence or absence of thermal strat- 
ification or of the name enforced by custom. 

The location of the lakes treated in relation to the 
physiographie provinces of Connecticut has been indi- 
cated previously (Deevey, 1940, Figure 1), and a sum- 
mary of the morphometric features may also be found 
in that work (Table 1). 


THE BENTHIC ANIMALS OF CONNECTICUT 
LAKES 


METHODS 


The physical and chemical methods employed in the 
survey of Connecticut lakes have been described or re- 
ferred to in previous papers, including, in addition to 
those already cited, that of Hutchinson, Deevey, and 
Wollack (1939). Procedures adopted in the investi- 
gation of the bottom fauna, however, differ in some 
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respects from those of other workers, and require 
discussion. 

Since the principal aim in view has been the typo- 
logical arrangement of American lakes, emphasis has 
been placed on the profundal zones of stratified lakes, 
and on those members of the bottom fauna likely to 
have typological significance and to occur as micro- 
fossils in postglacial sediments. The study, therefore, 
has for the most part been extensive rather than in- 
tensive, and as technical assistance has been limited, 
quantitative considerations have necessarily been ap- 
proached by statistical as well as manual methods. 


Field Work 

Quantitative samples have been taken wherever pos- 
sible by means of the Ekman-Birge dredge, 225 sq. 
em. in area, and washed at the surface in a rectangu- 
lar net made of “Bedford scrim.” This material, used 
primarily for curtains, is very sturdy, and by a rather 
fortunate coincidence has a mesh size of 0.67 mm., 
exactly that of the net used by Lundbeck (1926, p. 
23). In 1937, when an attempt was made to count 
eopepods and ostracods, water poured through the net 
in the final stage of washing was previously strained 
through the same material to prevent contamination 
by planktonie crustaceans, but this practice was later 
abandoned. The net residues were transferred to 
wide-mouth jars and returned to the laboratory. 

The number of samples taken varied with the depth 
of the lake, one sample being taken at approximately 
every two meters of depth in shallow lakes, at ap- 
proximately every five meters in deeper lakes. The 
total number of samples taken in a single series varied 
from three to ten. Single samples only were taken at 
each station. 

Profundal and sublittoral samples were taken on 
soft bottoms, and in order to insure that this should 
be the case, the sampling lines were made to ascend 
the most gentle slopes available. Littoral samples were 
usually taken in weed beds, either at the top of the 
main sampling line or at the nearest suitable locality. 
A sampler was devised for work in littoral areas, in 
which the Ekman-Birge dredge as a rule is useless. 
This 500-sq. em. sampler was lowered on a rod, em- 
bedded firmly in the bottom, and the jaws were then 
closed by drawing on a cord. Extension rods made the 
instrument useful in depths of five meters or less, on 
weedy, sandy, and even gravelly bottoms. 

Unionidae were occasionally taken in the large sam- 
pler, but so infrequently that they have been disre- 
garded in order to make computations of benthic 
productivity for the various lakes comparable among 
themselves. 

All caleulations of the amount of bottom fauna 
have been expressed on the basis of number or weight 
per unit area. Since most bottom animals penetrate 
to considerable depths in the ooze (Lenz, 1931; Berg, 
1938), this procedure has little except necessity to 
recommend it. Lenz believed that since this penetra- 
tion sometimes extends below 15 em. a serious error 
was introduced by the use of the Ekman-Birge dredge, 
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and that the observed bathymetric distribution of 
many animals in the North German lakes (Lundbeck, 
1926) must therefore be regarded with skepticism. 
Berg, however, has shown that the vertical penetra- 
tion of the fauna, although considerable, is not 
quantitatively important below 15 em., and that the 
Ekman-Birge dredge takes on an average 90 per cent 
of the total fauna. It may be observed in this con- 
nection that in no Conneetieut lake has the dredge 
ever been found to bury itself completely, so that the 
possibility of loss of organisms over the sides is 
negligible. 

Counting 

Most profundal samples were examined briefly in 
the laboratory while the animals were still alive, a 
practice which was possible only in relatively cool 
weather. Chironomid larvae were removed for rearing 
and other experiments during this examination. As 
water samples were always obtained on the same field 
trip, however, and as certain chemical analyses could 
not be deferred, the work of counting bottom organ- 
isms was delayed until convenient, and all samples 
were preserved by the addition of formalin after the 
preliminary inspection. Counts were made under the 
low power of the binocular dissecting microscope, 
small fractions of the sample being spread out in a 
petri dish scored by parallel lines, and the organisms 
being removed as they were found. Each petri dish 
fraction was examined twice when the number of or- 
ganisms was so large as to introduce the possibility of 
error. Counting under the microscope is much more 
laborious than with the unaided eye, but the former 
method was deemed the only reliable one when the 
crustacean microfauna was to be considered, as in 
1937, and the only possible one when the animals were 
dead. 

In the great majority of cases the entire net residue 
was analyzed as described. The count required from 
30 minutes to two hours for each sample; a few sub- 
littoral samples taken with the Ekman-Birge dredge, 
and all the littoral samples taken with the larger sam- 
pler, however, contained so much detritus that a ecom- 
plete examination would have consumed at least an 
entire day. In such eases “aliquot” portions were 
taken on a volumetric basis by means of an apothe- 
eary’s graduate. The process of washing the sample 
in the field was found to provide adequately even dis- 
tribution of the organisms through the detritus. The 
error of sampling was of course materially increased 
by this procedure, but sampling in the littoral zone is 
unreliable at best, and probably no wholly satisfae- 
tory estimates have ever been made of the productiv- 
ity of this region. 

Weighing 

All organisms encountered varied in size between 
extremely wide limits, from approximately threefold 
in the ease of Chaoborus to approximately one hun- 
dredfold in the ease of tubificid oligochaetes. Reliable 
estimates of the weight of the organisms in a sample 
therefore could not be obtained by calculation from 
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the average weight of an animal, and all samples 
were weighed separately. One determination was 
made for each kind of organism occurring in a 
sample, so that the total number of weighings was 
approximately one thousand. In a few eases the or- 
ganisms had dried in the interval between counting 
and weighing (this interval in the ease of lakes 
studied in 1937 was nearly three years) and the 
method of caleulation had to be resorted to, but the 
possible error incurred is significant only in the ease 
of Lake Waramaug. Caleulation was also employed 
when the estimated weight of the organisms in a 
sample was less than one milligram. 

Organisms were rolled on filter paper to remove 
the excess moisture, and placed in a weighing vial 
full of water. Because of the impossibility of remov- 
ing the entire water film, and because of the fact that 
a very small amount of water clings to the needle 
after transfer, the weights were found to be accurate 
only to 0.2 mg., although a sensitive analytical bal- 
ance was used. The “formalin weight” obtained is 
directly comparable to that given by Lundbeck (1926, 
1936) and does not differ appreciably from the live 
weight as given by Juday (1921a). 

Dry weights were obtained only for Chaoborus 
after 48 hours at 60° C. 


Reliability of Single Samples 


Most investigators have thought it necessary to take 
very large numbers of bottom samples in a lake, and 
particularly to take several samples at a station; 
Lundbeck (1926), Juday (1921la), Eggleton (1931), 
and Berg (1938) have taken from two to five, while 
Mivadi (1931-38) took a much larger number. As 
the bottom fauna investigation was only part of a 
limnologieal survey of 52 lakes, the largest number 
of samples taken in a lake by the author was 66 (12 
series in Linsley Pond) and single samples at a sta- 
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tion were taken throughout. It is therefore pertinent 
to examine the reliability of the data so obtained. 

A sample taken with an Ekman-Birge dredge is a 
true sample of a large population, and the probability 
that a particular organism will be taken has a Pois- 
son distribution. In such a ease the limits of confi- 
dence, or fiducial limits, can be caleulated for small 
unique samples, and Ricker (1937) gives a table of 
values for numbers from 1 to 50. In Figures 1-3 the 
confidence belts are shown for a number of vertical 
series. The limits shown are fiducial limits on the 
.05 level of probability, i.e., the limits within which 
the true mean may be expected to fall in 19 out of 
20 cases. The fiducial limits appropriate to the num- 
ber in each sample have been multiplied by the con- 
version factor (44.4 in the case of completely analyzed 
Ekman-Birge samples) so that they may be read in 
terms of animals per square meter. 

Three Chironomus lakes may be directly compared 
in Figure 1. The samples were taken on comparable 
dates in successive summers, and the calculated ben- 
thie productivities for the three lakes are of the same 
order of magnitude, although the differences are suf- 
ficiently great to invite examination of their validity 
(Ball, 189 kg. per ha.; Linsley, 161; Mt. Tom, 218). 
The curves for chironomids show a serious overlap 
between Ball and Mt. Tom only in the ease of one 
sample, while the chironomid population of Linsley 
is significantly larger than that of either except at 
the deepest levels, where the area is relatively small. 
More important overlaps are found in the case of 
Chaoborus, but only where the numbers are small; 
the curves for total population show a fair degree of 
separation. 

In Figure 2 the results of a similar treatment of 
three deeper, less productive lakes may be observed. 
Rogers Lake and Lake Quassapaug are faunistically 
comparable, as they are Tanytarsus lakes, while Long 
Pond is a “mesotrophic Chironomus” lake. The ben- 
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Fig. 1. Confidence belts for Chironomidae, Chaoborus, and total bottom fauna; L—Linsley Pond (August 13, 
1937); MT—Mt. Tom Pond (August. 26, 1938); B—Ball Pond. (August. 9,,1939). . Shaded .areas..indicate serious 


overlap. 
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Fig. 2. Confidence belts for Chironomidae, Oligochaeta, 
and total bottom fauna; Q—Lake Quassapaug (July 2 


1937); L—Long Pond (July 3, 1938); R—Rogers Lake 
(July 28, 1939). Shaded areas indicate serious overlap. 


thie productivities are: Long, 60.9 kg. per ha.; Rog- 
ers, 76; Quassapaug, 92.0. It may be seen that the 
differences are quite certainly significant in the eases 
of chironomids and total population, except in a 
maximum of six samples. Differences for oligochaetes, 
which occur in very small numbers, are much less 
reliable. 
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A similar treatment of two series from Linsley 
Pond taken at different seasons (Fig. 3) reveals a 
wide separation of confidence belts at all levels, ex- 
cept in the case of the chironomids in deeper samples. 

The foregoing analysis indicates that counts of bot- 
tom organisms made from single samples may be ac- 
cepted as reliable with a high degree of confidence, 
especially if the numbers counted are large. Since the 
error involved in weighing is very small with respect 
to the error of sampling, and since the heaviest or- 
ganisms (chironomids, Chaoborus) are nearly always 
the most numerous, it follows that the weights deter- 
mined from single samples are much more reliable 
than earlier investigators have supposed. 

A similar conclusion may be drawn by a very dif- 
ferent method. As the means used by the author as 
estimates of benthic productivity are not arithmetie, 
but are weighted by relative areas, the usual methods 
for testing the significance of differences between 
means are not applicable. Berg, however (1938, pp. 
228-229), presents the data for two series of ten 
samples taken at the same place, one series at 20 m. 
in Esrom Lake, the other at 16 m. in Tjustrup Lake, 
in Denmark. From the figures given reliability coef- 
ficients have been calculated between pairs of single 
samples (1 and 2, 3, and 4, ete.), between pairs of 
double samples (1 +2 and 3+ 4, ete.) and between 
sets of 5 (sum 1-5 against sum 6-10). The method 
used is given in convenient form by Barkley (1934). 
The results are as follows: 
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Esrom Lake 


Mean of 5 pairs of single samples...... r= 0.924 
Mean of 2 pairs of double samples..... r = 0.986 
Quintuple samples, paired............. r= 0.991 


Tjustrup Lake 


Mean of 5 pairs of single samples...... r = 0.989 
Mean of 2 pairs of double samples..... r = 0.998 
Quintuple samples, paired............. r = 0.998 


Given a reliability coefficient of 0.924, it can be de- 
termined from the “prophecy formula” that the num- 
ber of times the count should be increased in order to 
obtain a coefficient of 0.990 is 7.6; in the ease of 
Esrom Lake this coefficient was approximated by 
increasing the labor fivefold. A coefficient of .999 
can theoretically be achieved by a count 6 times as 
large as that giving a coefficient of 0.989. 

Although Berg, by employing double samples 
throughout his study, evidently obtained a very high 
reliability which could searcely have been improved 
by taking quintuple samples, the writer’s results sug- 
gest strongly that single samples would have been 
satisfactory for most purposes. A reliability coeffi- 
cient of 0.950 is usually regarded as adequate in sta- 
tistical procedure, and much lower values have been 
accepted, for example, in pollen counting. 

It should be noted that while the coefficients ob- 
tained indicate reliability of total counts from single 
samples containing a “normal” number of bottom 
animals, and thus of estimates of comparative abun- 
dance for the various components of the fauna, they 
do not provide a fair test of reliability for counts of 
members oceurring infrequently, e.g., Ceratopogon 
and Tanypus. The high values obtained are due pri- 
marily to the large numerical exeess of oligochaetes 
and Chironomus over the other forms taken. It is 
clear, however, that estimates of relative abundance 
can be very confidently made from single samples, 
and unless the investigator is particularly interested 
in a rare form, or unless sparsely distributed types 
are disproportionately heavy, much of the labor in- 
volved in bottom fauna work ean be eliminated. 


Presentation of Data 


In the following divisions of this section it will be 
convenient to anticipate the qualitative arrangement 
of Connecticut lakes on the basis of their profundal 
chironomid fauna, and to inelude a brief description 
of the physical and chemical limnology of the strati- 
fied lakes. The rationale of this arrangement will be 
diseussed in a later section, as will such special topies 
as seasonal variation, vertical distribution, and the 
general ecology of important benthie species. Mid- 
summer conditions must necessarily be emphasized, 
since sampling at other seasons has been confined to 
three lakes. 

In order to facilitate comparison with other lake 
districts, and because the taxonomie relations of the 
Connecticut chironomid larvae are not fully worked 
out, the convention adopted by European workers 
will be maintained; generic names will be used as if 
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synonymous with higher categories. Members of the 
tribes Chironomariae and Tanytarsariae (subfamily 
Chironominae) will be referred to as Chironomus and 
Tanytarsus; members of the subfamily Tanypodinae 
will be called Tanypus; Trissoeladius will be used in 
its restricted generic sense, but other members of the 
subfamily Orthoecladiinae will be spoken of as Ortho- 
cladius. 

The diagnosis of depth zones is generally admitted 
to be in an unsatisfactory state, but in default of 
more extensive field observations, attempts at diseus- 
sion by the author would be rash. The scheme em- 
ployed in the present paper is that of Eggleton 
(1931) who regards the littoral as extending to the 
lower limit of rooted vegetation, the profundal as the 
zone lying below the average upper limit of the hypo- 
limnion, and the sublittoral as the region between. 

All figures showing the abundance and vertical dis- 
tribution of bottom fauna have been drawn to the 
same scale, with the exception of those for Linsley 
Pond (Figs. 35, 38, 39). The ordinate does not inter- 
sect the abscissa at zero in the right-hand member of 
all figures, however; the exceptions are Figures 4 
and 10. 

CHIRONOMUS LAKES 
Linsley Pond (Figs. 33-39) 

This small, central lowland lake is the most thor- 
oughly investigated of Connecticut lakes (Riley, 1939, 
1939a, 1940; Hutchinson, 1938, 1941; Hutchinson and 
Wollack, 1940). Its area is 9.4 ha., its maximum 
depth is 14.8 m., its mean depth 6.7 m. It is com- 
paratively rich in nutrients; the mean total phos- 
phorus content of the surface waters is 21 mg. per 
cu. m.; and the mean winter nitrate content is 122 
mg. per cu. m. Its plankton content is high, the 
mean organic matter in the seston at the surface is 
2.92 mg. per |., the mean summer surface chlorophyll 
content is 15.25 mg. per cu. m., the mean phytoplank- 
ton volume in the entire lake is 1.1766 ml. per eu. m., 
and the mean zooplankton volume in the entire lake 
is 0.2594 ml. per cu. m. The mean phytoplankton- 
zooplankton ratio for the entire lake is 4.5 to 1, and 
for the surface 5.5 to 1. The water is medium-hard, 
and the hypolimnion is rich in iron. 

The oxygen curve has a typical eutrophie form, 
values of 1 mg. per liter or less prevailing through- 
out the hypolimnion from late June until early No- 
vember. Weekly series of analyses in 1937 and 1938 
showed the possibility of photosynthesis at depths as 
great as 13 m., despite the low transparency (mean 
Secchi dise reading 2.6 m.), and it is especially sig- 
nificant that zero oxygen values have never been re- 
corded by the Alsterberg modification of the Winkler 
method, in this or any other Connecticut lake. A pro- 
nounced oxygen deficieney (less than 2 mg. per liter) 
may be generated under the ice, but winter stagnation 
is always of short duration, and did not oceur during 
the winter of 1936-37. 

Most of the littoral zone is carpeted by rooted 
aquatic vegetation, which penetrates to a maximum 
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depth of 3 to 4 m. The bottom deposits of the sub- 
littoral zone contain a large proportion of undecom- 
posed leaf fragments and some sand, but otherwise 
are not distinguishable from the typical ooze of the 
profundal. The modern ooze is fairly rich in organie 
matter (loss on ignition 28.8 per cent) and organic 
nitrogen (1.41 per cent), but is evidently less so than 
that formed in pre-colonial times (Hutchinson and 
Wollack, 1940, p. 497) before the deforestation of 
Connecticut. 

Only onee (on February 27, 1937) was sampling 
extended to the littoral zone; reliable data are avail- 
able only for the profundal and lower part of the 
sublittoral. The typical profundal chironomids are 
two species of Chironomus of the bathophilus group, 
C. decorus Johannsen and a new species close to C. 
hyperboreus Staeger (identification by Dr. C. K. 
Townes). The latter may be the commoner, but a 
separation of the two species during counting was 
impracticable. The proportion of the total bottom 
fauna consisting of Chironomus has been computed 
by multiplying the number and the weight of the 
larvae in each sample by the area of bottom at the 
depths represented by the sample, summing, and di- 
viding by the area of the entire zone in question 
(usually that within the 6-meter contour in the ease 
of Linsley Pond). When this is done for each of the 
twelve approximately monthly series, the mean Chi- 
ronomus crop is found to be 5,120 individuals or 19.7 
g. per sq. m.; this represents 27 per cent of the 
mean total bottom fauna by number, or 56.6 per cent 
by weight. 

Throughout most of the year the maximum Chi- 
ronomus population, both numerically and by weight, 
is found in the upper profundal, at 8-11 m., but dur- 
ing the summer the young larvae, which are numer- 
ically greatly in excess of the mature, are found in 
the sublittoral, from 6 to 8 m. (see Fig. 35). The 
seasonal variation and vertical distribution are dis- 
cussed later in greater detail. 

Other chironomids oceur in Linsley in much smaller 
quantities. Tanytarsus frequently occurs in small 
numbers at depths as great as 11 m., and was taken 
at 14.8 m. during the spring cireulation, but the 
maximum population is always found in the sublit- 
toral or uppermost profundal. The largest popula- 
tion encountered, 28,600 larvae which weighed 7.610 
o., was taken at 6.3 m. on June 1, when it constituted 
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of the total population at that depth. The vertical 
distribution of Tanypus was similar, and the num- 
bers were in general smaller. The maximum popula- 
tion, 533 larvae or 0.739 g. per sq. m., also occurred 
in the same sample. 

Chaoborus, however, approached and occasionally 
exceeded Chironomus in importance as a profundal 
form. It oceurred in larger numbers in nearly all 
samples, even during the summer, the time of its 
smallest abundance, and the maximum population 
(97,000 per sq. m. at 14.5 m. on April 22, 1938) was 
greatly in excess of the maximum number of Chi- 
ronomus (26,072 per sq. m. at 6.4 on June 29, 1937; 
compare Figs. 35 and 38). This is, in fact, the larg- 
est number of Chaoborus larvae ever recorded for a 
lake, and surpasses even Eggleton’s (1931) astonish- 
ing figure of 71,500 per sq. m. in Third Sister Lake, 
Michigan. The mean number -per sq. m. is 10,000, or 
52.9 per cent of the mean total number. Gravimetri- 
cally, however, Chaoborus only oceasionally exceeded 
Chironomus, although it did so consistently in deeper 
samples during spring and early summer of 1937, 
and the mean weight, 12.8 g. per sq. m., is 36.8 per 
cent of the mean total crop, or 65 per cent of the 
Chironomus crop. 

Oligochaetes, chiefly Tubificidae, formed a minor 
constituent of the profundal and sublittoral fauna. 
Their vertical distribution was very constant; the 
maximum of abundance (2,000-4,000 or 2-7 g. per 
sq. m.) was situated between 9 and 11 m. throughout 
the year. The mean oligochaete crop, 1,628 animals 
or 1.51 g. per sq. m., represents 8.6 per cent of the 
total by number, or 4.3 per cent by weight. 

Many other benthie species have been encountered, 
including Sialis, other insects, mites, nematodes, and 
the rhabdocoel, Phaenocora kepneri adenticulata Gil- 
bert. The vertical distribution of the last is described 
in a later section. None of these, however, is quanti- 
tatively of sufficient importance to justify further 
analysis. The truth of this is made clear from the 
consideration that Chironomus, Chaoborus, and oligo- 
chaetes together compose 97.7 per cent of the mean 
gravimetric crop, and that the remaining 2.3 per cent 
includes Tanytarsus and Tanypus. 

The mean total crop of bottom fauna varied in 
weight from 123 kg. per ha. (September 7, 1937) to 
565 kg. per ha. (April 22, 1938); the annual mean 
was 348 kg. per ha. 
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Fig. 4. Lake Waramaug, July 16, 1937. Key to Figs. 4-32: D, mean Secchi dise reading; T, temperature; O,, 
oxygen; CHAO, Chaoborus; CHIR, Chironomus; ‘‘CHIR,’’ ‘‘mesotrophic Chironomus’’; TT, Tanytarsus; TP, 
Tanypus; TR, Trissocladius; CM, miscellaneous Chironomidae; IM, miscellaneous insects; A, Amphipoda; SPH, 
Sphaeriidae; O, Oligochaeta; N, total number; W, total weight. 
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Lake Waramaug (Fig. 4) 


This is one of the largest lakes in Connecticut, the 
area being 282.6 ha., but it is comparatively shallow, 
having a maximum depth of 12.2 m. and a mean 
depth of 6.7 m. Although it is geologically a high- 
land lake, and agrees with other members of the 
group in having a low total phosphorus content (9 
mg. per cu. m.), it appears to be somewhat more 
productive of phytoplankton than most of them 
(summer chlorophyll content 10.07 mg. per eu. m.). 
The oxygen curve is of eutrophic form and the pro- 
fundal ooze is fairly rich in organie matter (loss on 
ignition 21.8 per cent). 

The bottom fauna is very similar in composition 
and vertical distribution to that of Linsley Pond. 
The profundal chironomid is a Chironomus of the 
bathophilus group. A few Sphaeriidae were taken in 
the sublittoral zone. The largest number of organ- 
isms was found in the sublittoral and upper pro- 
fundal, 7.6 to 9 m., where young Chironomus were 
quantitatively dominant, and the greatest weight, 
35.020 g. per m., oceurred at 11.2 m., where 
29.100 g., or 83 per cent, was made up of Chironomus. 
The mean total crop was 16,600 organisms, or 27.8 
per sq. m. 


sq. 


Ball Pond (Fig. 5) 


The area of Ball Pond is 36.3 ha., the maximum 
depth 15 m., and the mean depth 5.8 m. It is typical 
of highland lakes in having a total phosphorus con- 
tent (14 mg. per cu. m.) and summer chlorophyll 
content (5.54 mg. per cu. m.) below the means for 
the state; the transparency is low (2.7 m.), the oxy- 
gen curve is eutrophie in form, and the hypolimnion 
accumulates rather large amounts of ferrous iron. 
The profundal ooze is rich in organie matter (igni- 


tion loss 29.0 per cent) and organie nitrogen (1.36 
per cent). 

The bottom fauna is similar to that of other Chi- 
ronomus lakes, the characteristic species being a Chi- 
ronomus of the bathophilus type. The profundal zone 
is populated wholly by Chironomus, Chaoborus, and 
tubificids. At the level of maximum weight, 10.8 m., 
Chironomus composed 19.8 g., or 78 per cent of the 
total weight. The mean quantity was 10,300 organ- 
isms, or 18.9 g. per sq. m. 


Mt. Tom Pond (Fig. 6) 


Mt. Tom Pond elosely resembles Ball Pond in all 
important respects. Its area is 24.2 ha., its maximum 
depth 14 m., its mean depth 6.5 m. It is relatively 
poor in total phosphorus (12 mg. per eu. m.) and in 
chlorophyll (3.74 mg. per cu. m.), although the win- 
ter nitrate content is high (125 mg. per eu. m.). The 
oxygen content of the hypolimnion is very low, and 
ferrous iron is abundant. The profundal bottom de- 
posits are relatively poor in organic matter (loss on 
ignition 19.71 per cent) but moderately rich in or- 
ganic nitrogen (1.14 per cent). 

The limnological resemblance to Ball Pond extends 
to the bottom fauna, which is characterized and quan- 
titatively dominated by Chironomus of the bathophilus 
type. At the most densely populated depth within 
the profundal, 9 m., 3,460 individuals per sq. m. of 
this species were taken, amounting to 45 g. per sq. 
m., or 87.9 per cent of the total weight. The mean 
number of organisms per sq. m. was 9,380, and the 
mean weight 21.8 g. 


Queechy Lake (Fig. 7) 


This small lake (area 60.8 ha.; max. depth 13.6 m., 
mean depth 6.9 m.) lies in the Stockbridge marble in 
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Fig. 6. Mt. Tom Pond, August 26, 1938. 
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Fig. 7. Queechy Lake, N. Y.; temperature and oxygen 
for September 4, 1939; mean bottom fauna for June 6, 
1937, and July 10, 1938. 


New York State. It is a hard-water lake and supports 
a body of rooted aquatie vegetation which appears to 
be unusually rich; the total phosphorus and chloro- 
phyll contents are low (11.7 and 5.33 mg. per eu. m.) 
and organic matter in the seston is 1.79 mg. per liter. 
In these respects it resembles the alkalitrophie lakes 
of Naumann (1932), which probably owe their un- 
productive aspect to the biological precipitation of 
phosphorus (Gessner, 1939). The oxygen curve, 
however, is usually of the eutrophie form, although 
the high transparency (5.7 m.) undoubtedly permits 
photosynthesis at all depths, and negative values for 
the inerement in the oxygen deficit have occasionally 
been recorded. Reducing substances are undoubtedly 
present in the hypolimnion (see p. 447) but they have 
not certainly been identified; ferrous iron, manga- 
nese, and hydrogen sulfide are not abnormally high. 
Mar! deposits and a weakly developed shell zone oc- 
eur in the sublittoral, and the profundal ooze is rela- 
tively rich in organic matter (loss on ignition 30.42 
per cent, some of which may be due to decomposition 
of CaCOs) and in organie nitrogen (1.66 per cent). 
The bottom fauna qualitatively resembles that of 
the other Chironomus lakes, but quantitatively is ex- 
tremely impoverished. The characteristic chironomid 
is Chironomus cf. fasciventris Malloch, a member of 
the bathophilus group, but this animal is never abun- 
dant; the largest number, 399 per sq. m., oceurred at 
12 m. on February 12, 1939, and the largest number 
found in the summer was 266 per sq. m. Chaoborus 
dominates the fauna both numerically and by weight, 
and occurs to the exclusion of all others at the deep- 
est stations in summer. The results of two series of 
samples taken in summer show very little divergence 
among themselves, and the averages have been pre- 
sented in Figure 7. The mean number of organisms 
per sq. m. is 1,640, and the mean weight is 3.72 g. 


Candlewood Lake (Fig. 8) 


This, the largest lake in the state, is wholly arti- 
ficial; it was formed in 1923. The area is 2,270 ha. 
and the maximum depth 25.9 m. A bathymetric map 
of the lake has not been made, and the mean depth is 
not known. The waters are low in total phosphorus 
(10 mg. per ecu. m.) and in ehlorophyll (4.52 mg. 
per cu. m.) but the oxygen curve is of rather eutro- 
phie form. The profundal ooze appears to be execep- 
tionally rich in organie matter (loss on ignition 38.50 
per cent) and in organic nitrogen (1.53 per cent), 
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Fig. 8. Candlewood Lake, August 17, 1938. 
but the bottom sample on which these determinations 
were made was taken in a part of the lake originally 
occupied by a shallow pond, and is probably not 
fairly representative of the whole profundal zone. 
The lack of sediment on the bottom made sampling 
difficult and unsatisfactory, and although four littoral 
samples were obtained, only two valid profundal 
samples are available. The data have not been pre- 
sented graphically. A Chironomus of the bathophilus 
type is the only important profundal chironomid, al- 
though Trissoeladius and Tanypus also oceur. Chao- 
borus and tubificids are present in small numbers. 
Weighted means cannot be given in default of a map, 
but the arithmetic mean of all samples is 5,500 or- 


ganisms or 4.08 g. per sq. m. 


Job’s Pond (Fig. 9) 

This small seepage lake is 13.5 ha. in area and has 
a maximum depth of 13.1 m. and mean depth of 6.6 
m. It is situated in the Eastern Highland according 
to the geologic map (Gregory and Robinson, 1907) 
but as pointed out in an earlier paper (Deevey, 
1940) it is surrounded by lowland sediments, and 
partakes of the character of lowland lakes in being 
richer in total phosphorus (17 mg. per ecu. m.) and 
more productive of phytoplankton (chlorophyll 7.65 
mg. per cu. m.) than the average highland lake. Its 
high content of ferrous iron may also be aseribed to 
the lithology of its surroundings. The oxygen eurve 
is by no means typically eutrophic, although there is 
a steep microzonal fall. The profundal bottom de- 
posit is low in organie matter (loss on ignition 11.0 
per cent) and might be ealled an organic silt. 

The sides of the principal basin are unusually 
steep, and little deposit clings to the slope; conse- 
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quently sampling of the intermediate zone proved im- 
possible, and samples are available only from near 
the maximum depth. Thus the benthie productivity 
eannot be reliably assessed, and the data have not 
been presented, nor have the organisms been weighed. 
The chironomid is Chironomus decorus, but numeri- 
cally Chaoborus dominates the fauna, having attained 
a maximum of 12,320 per sq. m. on October 13, 1937. 


Lake Quonnipaug 

This lake was thoroughly studied by Riley (1939, 
1939a) but has been infrequently visited since 1936. 
It has an area of 46.6 ha., a maximum depth of 14.8 
m., and a mean depth of 5.1 m. Although it lies on 
the boundary between the Central Lowland and the 
Eastern Highland, the major inlet flows over high- 
land rocks, and in most of its features Quonnipaug 
resembles the highland lakes. It is relatively poor in 
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total phosphorus (10 mg. per ecu. m.) and in chloro- 
phyll (6.11 mg. per cu. m.); the mean organic matter 
in the seston amounts to 1.12 mg. per liter. The oxy- 
gen curve is of eutrophie form, and the iron content 
of the hypolimnion is not known. Weed beds are 
well developed both in the lake and in the drainage 
basin, and the artificial rise in water level (about 3 
m.) has brought detritus-rich littoral and sublittoral 
deposits to deeper levels. The profundal ooze is rich 
in organie matter, the loss on ignition being 33.3 
per cent. 

Because of the large volume of detritus taken in 
bottom samples at intermediate depths, reliable quan- 
titative data have not been obtained for the benthic 
fauna. Two samples taken near the maximum depth 
on March 24 and July 7, 1937, indicate that the pro- 
fundal chironomid is a Chironomus of the bathophilus 
group; Trissocladius also occurs, and 7,590 Chaoborus 
per sq. m. were taken in March. Exceptionally large 
numbers of the rhabdocoel Phaenocora kepneri (4,840 
per sq. m.) were also taken on the same date. 


Lake Wamgumbaug (Fig. 10) 


This Eastern Highland lake has an area of 152.4 
ha., a maximum depth of 12.2 m., and a mean depth 
of 8.8 m. It is low in total phosphorus (11 mg. per 
cu. m.) and in phytoplankton (3.16 mg. per cu. m.). 
The transparency is rather high (6.1 m.), and the 
departure of the oxygen values in the upper hypo- 
limnion from the typical eutrophie range is thus in- 
telligible. The profundal ooze is rather rich in organic 
matter (loss on ignition 26.23 per cent) and in or- 
ganie nitrogen (1.21 per cent). In most of these 
respects it bears a close resemblance to Ball Pond 
and Mt. Tom Pond, and this resemblance extends to 
the bottom fauna. 

The characteristic profundal chironomid is a Chi- 
ronomus (bathophilus group) ; 23,800 of these per sq. 
m., most of which were young, were taken at 8 m., 
where they composed 82.3 per cent by weight of the 
total fauna. Trissocladius was also abundant, al- 
though much less important gravimetrically, and 
Chaoborus forms an important part of the fauna. 
Tubificid oligochaetes make up a large fraction of the 
remainder. The mean productivity was found to be 
16,500 animals, or 23.6 g., per sq. m. 


Gardner Lake (Fig. 11) 


Gardner is 196 ha. in area and has a maximum 
depth of 13.9 m., but the deep water is confined to a 
very small area, as may be seen from the fact that 
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Fie. 10. Lake Wamgumbaug, June 26, 1939. 
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Fig. 11. Gardner Lake, July 1938. 


the mean depth is only 4.5 m. It is poor in nutrients 
(total phosphorus 10 mg. per eu. m., winter nitrate 
40 mg. per eu. m.) and the chlorophyll content is 
also low (3.45 mg. per cu. m.); the transpareney is 
relatively low (4 m.), and the oxygen curve is essen- 
tially of the eutrophie type. The total iron content of 
the hypolimnion is low. The profundal ooze is poor 
in organie matter (loss on ignition 19.66 per cent) 
and organic nitrogen (0.46 per cent). 


Although a Chironomus of the bathophilus type 
occurs in the profundal zone, neither this nor any 
other benthic component attains numerical abundance, 
and the animal found to be most frequent was Chao- 
borus. The mean crop of animals was 1,210 per sq. 
m., or 2.39 g. 
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Fig. 12. Crystal Lake, August 12, 1938. 
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Crystal Lake (Fig. 12) 


This lake, which is less transparent (4 m.), than its 
name implies, has an area of 81.4 ha., a maximum 
depth of 14.9 m., and a mean depth of 6.7 m. It eon- 
forms to the general highland facies in being poor 
in total phosphorus (10 mg. per eu. m.) and in ehloro- 
phyll (3.53 mg. per eu. m.). The oxygen curve has 
for the most part a mesotrophic form, but the single 
set of analyses may not be representative of average 
summer conditions. The total iron content of the deep 
water is low. The profundal ooze has a moderate 
organie content (loss on ignition 24.93 per cent) but 
the organie nitrogen is low (0.54 per cent). 

The bottom fauna is extremely impoverished, and 
even the qualitative evidence may not be reliable. The 
characteristic species appears to be a Chironomus of 
the bathophilus group, but Tanytarsus also oceurs in 
small numbers. Chaoborus is absent. The mean crop 
is the lowest of any stratified lake encountered, 1,610 
animals or 1.09 g. per sq. m. 
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Fie. 13. Lake Mashapaug, July 26, 1939. 


Lake Mashapaug (Fig. 13) 

This Eastern Highland lake has an area of 122.3 
ha., a maximum depth of 11 m., and a mean depth of 
4.5 m. It is very poor in total phosphorus (5 mg. 
per cu. m.) and in chlorophyll (1.91 mg. per eu. m.), 
and the rather mesotrophic form of the oxygen curve 
may be attributed to the shallowness as well as to 
low plankton productivity. The profundal ooze is 
moderately rich in organie matter (loss on ignition 
28.66 per cent) and organic nitrogen (1.02 per cent). 

Chironomus (bathophilus type) appears to be the 
characteristic profundal species, although Trissocla- 
dius also occurs at 7 m. Chaoborus, sphaeriids, and 
tubificids are present, and the mean crop is 3,620 
organisms or 4.91 g. per sq. m. 


“MESOTROPHIC CHIRONOMUS” LAKES 

The following seven lakes, with the addition of 
Sylvan Lake and Canada Lake, New York, and Wal- 
den Pond, Massachusetts (Deevey, 1942), not con- 
sidered in this report, form a rather homogenous 
group the characterization of which is made difficult 
by a taxonomic problem peculiar to the Chironomidae. 
They are without exception deeper than the foregoing 
Chironomus lakes, and exhibit markedly mesotrophic 
and even oligotrophic oxygen curves. Their typical 
profundal chironomid larva is usually a member of 
the genus Chironomus, sensu stricto, and rearing ex- 
periments have yielded adults which in certain cases 
are identical with those of Chironomus lakes (C. ef. 
hyperboreus from East Twin Lake and Linsley Pond, 
C. ef. fasciventris from Wononseopomue and Queechy 
lakes). The larvae, however, lack the ventral blood 
gills regarded as characteristic of the genus by tax- 
onomists who work chiefly with larvae, rather than 
with adults (Lenz, 1921); or, infrequently, one pair 
is present. It appears, therefore, that animals can 
belong to one genus when immature and to another 
when adult; or, less paradoxically stated, a species is 
capable of racial variation sufficiently extreme to be 
accepted as generic when environmental conditions 
are sufficiently diverse. 

Since the typological differences in question de- 
serve full consideration, attention must be ealled to 
the faunistie differentiation, and the larvae have been 
provisionally called “mesotrophie Chironomus.” The 
term is intended to be applied solely to the larvae, 
and although it is true that larvae without ventral 
blood gills are consistently associated with a meso- 
trophie oxygen curve, the use of the expression 
“mesotrophic Chironomus lake” does not imply 
greater or less mesotrophy than that of a Tanytarsus 
lake. 
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Fie. 14. East Twin Lake, June 20, 1937. 


East Twin Lake (Figs. 14 and 15) 


The eastern member of the Twin Lakes in Salisbury 
has an area of 222.6 ha., a maximum depth of 24 m., 
and a mean depth of 9.9 m. It is a hard-water lake, 
and massive weed-beds are extensively developed. It 
is low in nutrients (total phosphorus 11 mg. per eu. 
m., winter nitrate 14 mg. per ecu. m.) and in phyto- 
plankton productivity (chlorophyll 3.01 mg. per eu. 
m.), and the mean organic matter in the seston 
amounts to 1.6 mg. per liter. The oxygen curve is dis- 
tinetly mesolrophie in form, and reducing substances 
in the hypolunnion are low in quantity. A poorly 
developed sheli bed is found in the sublittoral, and 
the profundal ooze appears to be rich in organie 
matter (loss on ignition 33.95 per cent) but some of 
this loss may be due to decomposition of CaCOs, and 
the organic nitrogen content is not high (0.91 per 
eent). 

Chironomus cf. hyperboreus dominates the bottom 
fauna gravimetrically, and at most levels numerically 
as well. In the region of maximum weight (15-17 
m.) this type contributes approximately 85.4 per cent 
of the total weight. Tanytarsus, although evidently 
a sublittoral species, has been taken at depths as 
great as 15.3 m., and Trissocladius also oceurs in the 
sublittoral. Chaoborus is present in relatively small 
numbers, as are Sphaeriidae and tubificids. On June 
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20, 1937, the mean crop was 6,100 organisms or 19.9 
g. per sq. m.; the corresponding figures for Septem- 
ber 1, 1938, are 4,960 and 13.2, and the average of 
the two series is 5,500 animals, or 16.5 g. per sq. m. 


Wononscopomuc Lake (Fig. 16) 


This, the deepest lake in Connecticut (31 m.), has 
an area of 142.8 ha. and a mean depth of 11.1 m. 
Like the other lakes in the Stockbridge marble, it is 
a hard-water lake, and supports an extensive crop of 
aquatic vegetation. Chara beds extend to at least 
11 m. The waters are poor in nutrients (total phos- 
phorus 8 mg. per cu. m., winter nitrate 12 mg. per 
eu. m.) and phytoplankton productivity is low (chlor- 
ophyll 2.69 mg. per cu. m.). The mean seston organic 
matter is 0.73 mg. per liter. The oxygen curve might 
be ealled oligotrophic with a steep microzonal fall, 
and reducing substances in the hypolimnion are neg- 
ligible except in this microzone. A shell zone may be 
present, but was not encountered; the profundal ooze 
is moderately low in organic matter (loss on ignition 
19.49 per cent) and extremely so in organic nitrogen 
(0.36 per cent) but is exceptionally rich in iron. 

Wononsecopomue Lake resembles East Twin Lake 
in the character of its bottom fauna, but the total 
quantity is lower. The character form is “meso- 
trophic Chironomus” (C. cf. fasciventris), but Tany- 
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Fie. 15. East Twin Lake, September 1, 1938. 
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Fig. 16. Wononsecopomue Lake, August 31, 1938; bottom fauna data include samples taken on October 10 and 


19, 1938. 


tarsus is also found in the profundal. Chaoborus is 
absent, Sphaeriidae are abundant in the upper pro- 
fundal, and tubificids are very numerous in the sub- 
littoral sample. The mean total crop is 11,730 
organisms, or 12.0 g. per sq. m. 
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West Hill Lake (Fig. 17) 


This Western Highland lake is 
and 18 m. deep. The mean depth is 9.7 m. Total 
phosphorus (11 mg. per ecu. m.) and chlorophyll 
(1.10 mg. per cu. m.) are low, and the transparency 
is high (8.1 m.). The oxygen eurve is mesotrophic. 
The profundal ooze is moderately rich in organic mat- 
ter (ignition loss 24.49 per cent) and organic nitro- 
gen (1.15 per cent). 


95.5 ha. in area, 


West Hill Lake resembles the preceding lakes quali- 
tatively, the typical chironomid being “mesotrophic 


Chironomus”; Tanytarsus also was taken in the pro- 
fundal. Chaoborus is present, together with Sphae- 


riidae and tubificids. The mean benthic crop is 4,460 
organisms, or 8.55 g. per sq. m., so that West Hill is 
less productive of bottom fauna than the preceding 
two lakes. 

Alexander Lake (Fig. 18) 


This is the shallowest and most aberrant of the 
“mesotrophic Chironomus” lakes. The area is 77.4 
ha., the maximum depth 15.3 m., the mean depth 
6.5 m. It resembles other highland lakes in being 
low in nutrients (total phosphorus 11 mg. per cu. m., 


winter nitrate 20 mg. per cu. m.) and in chlorophyll 
(3.35 mg. per cu. m.). The transparency is high 
(8 m.) and the oxygen curve is mesotrophic in char- 
acter. The profundal ooze is rich in organic matter 
(ignition loss 31.02 per cent) and organic nitrogen 
(1.13 per cent). 
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Fig. 18. Alexander Lake, August 13, 1938. 


The lake has a very complex morphometry, and 
sampling in the sublittoral proved difficult. The char- 
acteristic chironomid appears to be a “mesotrophic 
Chironomus,” but this larva was taken in only one 
profundal sample, at 12 m., where it was associated 
with Tanytarsus and Trissocladius. The deepest 
sample was devoid of organisms other than Chao- 
borus. The mean crop was found to be 5,200 animals, 
or 4.57 g. per sq. m. 


Long Pond (Fig. 19) 


This Eastern Highland lake has an area of 39.9 
ha., a maximum depth of 20.9 m., and a mean depth 
of 4.2 m. It is low in total phosphorus (8 mg. per 
eu. m.) and chlorophyll (3.54 mg. per cu. m.). The 
transparency is close to the mean for the state (4 m.) 
and the oxygen curve is mesotrophic in form. The 
total iron content of the hypolimnion is low. The 
profundal ooze is moderately rich in organic matter 
(loss on ignition 28.75 per cent) and organie nitrogen 
(1.06 per cent). 


The chironomid fauna is heterogeneous, but is domi- 
nated by “mesotrophie Chironomus,” which constitutes 
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Fie. 19. Long Pond, July 3, 1938. 


55.5 per cent of the total fauna by weight at its point 
of maximum abundance (19 m.). Tanytarsus also 
oceurs throughout the profundal, and Trissocladius is 
found in the sublittoral. Chaoborus is present, as are 
sphaeriids and tubificids. The mean crop is 8,430 
animals, or 6.05 g. per sq. m. 
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Fie. 20. Glenida Lake, N. Y., August 9, 1939. 


Glenida Lake (Fig. 20) 


This New York lake was investigated by Tressler 
and Bere (1937) and other members of the Biological 
Survey, New York State Conservation Department. 
Its area, as determined by measurement of the map 
published by that survey, is 69.7 ha., its maximum 
depth is 33 m., and its mean depth 15.2 m. It re- 
sembles the lakes of the Western Highland of Con- 


necticut in being poor in total phosphorus (10 mg. 
per cu. m.) and chlorophyll (2.86 mg. per cu. m.), 
and the mean seston organic matter is 1.5 mg. per 
liter. (Tressler and Bere give mean surface “centri- 
fuge plankton” as 1.4 mg. per liter; 1939 value for 
seston organic matter by membrane filtration 1.6 mg. 
per liter.) The mean transparency is 6.9 m., and the 
oxygen curve is mesotrophic in form (the figures 
given by the New York workers have not been pre- 
sented, as the use of unmodified Winkler method 
makes them unreliable). The hypolimnion is low in 
reducing substances, but the chemical character of 
the profundal ooze is not known. 


No quantitative data for the bottom fauna of 
Glenida Lake are available, and the single sample 
taken near the maximum depth is sufficient merely 
to establish the existence of “mesotrophic Chirono- 
mus” as the typical form. 
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Tig. 21. Highland Lake; temperature and oxygen for 
September 8, 1938; bottom fauna for August 14, 1937. 


Highland Lake (Fig. 21) 


Highland has an area of 176 ha., a maximum depth 
of 18.9 m., and a mean depth of 6:m. In most re- 
spects it is typical of highland lakes, the total phos- 
phorus (9 mg. per cu. m.) and chlorophyll (2.39 mg. 
per cu. m.) being low, and the transparency (5.5 m.) 
being above average. The seston organic matter 
averages 1.1 mg. per liter. The oxygen curve is 
mesotrophic in form, and reducing substances in the 
hypolimnion are low. The profundal ooze is fairly 
rich in organie matter (ignition loss 30.88 per cent) 
and organic nitrogen (1.15 per cent). 


The typological similarity between Highland Lake 
and the foregoing lakes is evident, but the character- 





428 Epwarp 8 
istie chironomid is a member of the genus Endochi- 
ronomus; in this feature the lake agrees with many 
of the mesotrophie lakes of Japan (Miyadi, 1933g). 
This species was taken in quantity in most of the 
profundal samples from the deepest basin, together 
with Tanytarsus and small numbers of Chaoborus. 
In the southern basin, however, which has a maxi- 
mum depth of 13 m., a Chironomus of the batho- 
philus group replaced Endochironomus in a sample 
taken at that depth, and was associated with appre- 
ciably larger numbers of Chaoborus. This is the 
clearest evidence of “submerged depression individ- 
uality” (Welch, 1928) encountered in Connecticut. 
The series of samples illustrated in Figure 21 was 
supplemented on October 7, 1938, by three profundal 
samples from the deep basin with very similar results 
for the levels studied; the mean crop is 8,2('0 organ- 
isms, or 7.04 g. per sq. m. 
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Lake Quassapaug, March 29, April 3, 1937. 





Fig. 22. 


TANYTARSUS LAKES 
Lake Quassapaug (Figs. 22-24) 


Quassapaug, which was studied by Riley (1939, 
1939a) has an area of 117.2 ha., a maximum depth 
of 20 m., and a mean depth of 8.7 m. It is thor- 
oughly typical of highland lakes, being poor in 
nutrients (total phosphorus 7 mg. per cu. m., winter 
nitrate 10 mg. per eu. m.) and phytoplanton (chloro- 
phyll 5.62 mg. per cu. m.), and the mean seston 
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Fie. 24. Lake Quassapaug, October 27, 1937. 


organie matter is 1.16 mg. per liter. The transparency 
is relatively high, the mean being 7.4 m. and the 
maximum 10.5 m. The oxygen curve is mesotrophie 
in form (Fig. 23) and frequently shows a steep 
microzonal fall. The hypolimnion is poor in redue- 
ing substances. The profundal ooze is moderately 
rich in organie matter (ignition loss 28.27 per cent) 
and organie nitrogen (1.05 per cent). 

The characteristic chironomid is Tanytarsus (or 
more precisely, Microspectra cf. gmundensis). Larvae 
of this “genus” dominate the profundal fauna in 
nearly all samples, both numerically and by weight, 
and on July 2, 1937, they constituted about 75 per 
cent of the total fauna on a gravimetric basis through- 
out the profundal. The most constant associate of 
Tanytarsus is Trissocladius, but Chironomus (batho- 
philus type) oceurs in the sublittoral, and was taken 
at 15 m. on March 29, 1937. Sphaeriids and tubi- 
ficids are well represented, but Chaoborus has been 
taken only twice, the maximum number being 89 per 
sq. m. at 19 m. on March 29; pupal breathing tubes 
of this form are frequently observed in the detritus, 
however. 

Four series of observations are available for 
Quassapaug, one each in March and July and two in 
October. The largest mean crop (12,200 organisms, 
or 9.2 g. per sq. m.) was observed in July, and the 
smallest (2,300 organisms, or 4.79 g. per sq. m.) in 
October of 1937. The mean of the four series is 
6,670 organisms, or 7.48 g., and if the March series 
is omitted, the mean summer crop is 6,700 organisms, 
or 7.36 g. per sq. m. 
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Fig. 23. 


Lake Quassapaug, July 2, 1937. 
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—" 8 20 ‘s eeces and the hypolimnion is low in total iron. The pro- 
1 | fundal ooze is relatively rich in organie matter (ig- 
| | | nition loss 30.95 per cent) and organie nitrogen (1.33 
oy C10; per cent). 
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Fig. 25. Shenipsit Lake, July 20, 1939. 





Shenipstt Lake (Fig. 25) 


This Eastern Highland lake has an area of 215 ha., 
a maximum depth of 20 m., and a mean depth of 
8.4 m. Its water level has been artificially raised 
by about 6 m., and fluctuations of this amount or les: 
are of annual occurrence. The waters are low in 
total phosphorus (5 mg. per eu. m.) and chlorophyll 
(1.10 mg. per eu. m.), the transparency is 5.5 m., 
and the oxygen curve is of mesotrophic form. The 
total iron content of the hypolimnion is low. The 
profundal ooze is poor in organic matter (15.86 per 
cent loss on ignition) and organie nitrogen (0.59 per 
cent). 

The fauna is dominated numerically by Tanytarsus, 
but the total weight contributed by this form is less 
than that of the non-chironomid remainder; in the 
region of its maximum abundance (10-13 m.) Tany- 
tarsus comprises about 15 per cent of the total fauna 
on a gravimetric basis, and at the deepest station 
(19 m.) it is heavily outweighed by Chironomus 
(bathophilus), which is a constant associate. Trisso- 
eladius oceurs in the lower profundal, and Chaoborus 
is present though not abundant. Sphaeriids and tubi- 
ficids are well represented. The mean total number 
of organisms is 3,550 per sq. m., and the mean total 
weight 3.2 g 

Rogers Lake (Fig. 26) 

Rogers is 107.2 ha. in area, and has a maximum 
depth of 20 m. and a mean depth of 5.9 m. It is 
poor in total phosphorus (8 mg. per eu. m.) and 


chlorophyll (2.87 mg. per eu. m.), and has a trans- 
parency of 5.2 m. The oxygen curve is mesotrophic, 


In respect to bottom fauna the lake resembles the 
preceding two in almost equal degree. The character- 
istie chironomid is Tanytarsus, but the larvae of this 
species are gravimetrically inferior to the remaining 
benthie components, and are outweighed by Chiron- 
omus (bathophtlus) at 17 m. Trissoeladius is a more 
constant associate of Tanytarsus than in Shenipsit, 
and Chaoborus is more abundant than in the latter 
lake. The mean total crop is 12,300 organisms, or 
7.65 g. per sq. m. 


TRISSOCLADIUS LAKES 


Among the.lakes of the Connecticut Eastern High- 
land is a group of six, so uniform in limnologieal and 
faunistie features that they can be treated together; 
these are Lake Pocotopaug; Bashan, Hayward, Pata- 
guanset, and Terramuggus lakes, and Green Falls 
Reservoir (Figs. 27-32). The largest is Lake Poco- 
topaug (206.7 ha.) and the smallest is Green Falls 
Reservoir (19 ha.). They are all shallow, varying 
from 14 m. (Bashan) to 9 m. (Green Falls) in maxi- 
mum depth, and from 5.4 m. (Terramuggus) to 3.1 

(Hayward) in mean depth. They are in general 
poor in nutrients, and the mean total phosphorus 
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Fig. 28. eet jot July 17, 1939. 
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Fig. 26. Rogers Lake, July 28, 1939. 
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as are Sphaeriidae and tubificids; large numbers of 
Asellus were taken in a bed of filamentous algae at 
7.5 m. in Terramuggus. The lowest mean crop was 
observed in Green Falls, where there were 2,320 or- 
ganisms or 1.54 g. per sq. m.; the highest number 
(16,200 or 9.01 g. per sq. m.) occurred in Terra- 
muggus, and the highest weight in Hayward, where 
there were 9,490 animals, or 11.0 g. per sq. m. As 
the mean depths are all rather low, the very variable 
littoral fauna is preponderant in determining the 
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(4 mg. per eu. m.) for Green Falls Reservoir is the 
lowest value ever recorded for a lake; the highest 
value for the group is 17 mg. per eu. m. (Bashan), 
and this is the result of a single analysis. In chloro- 
phyll content the lakes range from 0.96 mg. per cu. 
m. (Terramuggus) to 6.37 mg. per cu. m. (Pocoto- 
paug). The transparency readings are variable, the 
most opaque being Pataguanset and Green Falls (4 m.) 
and the clearest being Bashan (8.2). The hypolimnia 
are thin and do not approach homothermy, and the 
bottom temperature in midsummer is at least 11° C. 
The oxygen curves reflect the shallowness of the lakes, 
but probably should be ranked as mesotrophic. The 
profundal ooze is variable in chemical constitution, 
but in general appears to be rather poor in organic 
matter (ignition loss 17.81-31.34 per cent) and or- 
ganie nitrogen (0.61-1.03 per cent). 

The composition of the chironomid fauna is het- 
erogeneous, but Trissocladius is usually dominant 
both numerically and by weight. This type is out- 
weighed by Tanypus in Pocotopaug and by Chiron- 
omus (bathophilus) in Green Falls; Tanytarsus oceurs 
in all lakes, but at the deepest station only in Hay- 
ward. Chaoborus plays a variable role, being abun- 
dant only in Terramuggus and absent only in Bashan. 
Various inseets, especially Sialis, are well represented, 


TABLE 1. Summary of Unstratified Connecticut Lakes. 
































Max. | Total | Chloro- 
Lake Region Area | Depth P phyll 
ha m mg/m} mg/m3 
North Farms. Lowland 25.6 2.8 10 23.80 
Beseck 43 47.4 8.0 31 13.56 
Bantam W. Highland...| 405.4 7.8 18 14.70 
Taunton a §1.1 9.0 13 2.78 
Moriarity’s. _ 7.8 8.8 9 8.23 
Samp Mortar. + 19.3 8.5 10 11.50 
Trumbull. ...... be 20.5 8.5 “e 5.90 
Beardsley Park. . 23 18.6 6.8 20 6.20 
Columbia.......| E. Highland...| 114.1 7.8 21 5.64 
Moodus = 182.5 3.0 12 5.45 
Powers...... 45 61.4 4.0 9 5.07 
|Bottom Deposit 
Lake } Bottom| Bottom| Chironomid 
| L.o.I. | Org.N. | Fauna | Fauna 
% Y kg/ha | No/m2 

North Farms... .| 30.11 | 1.38 | 75.4 |10,205 ? 
Beseck | 7.91 | 0.59 33.9 | 4,340 | Chironomus 
Bantam 28.53 1.47 | 95.3 | 8,360 | C. plumosus 
Teunten:.......| 3.2 1.43 63.0 | 4,470 | Chironomus 
Moriarity’s yee .... | 38.8 |10,400 | Trissocladius 
Samp Mortar....| 17.98 | 0.61 | 34.4 {10,200 | Chironomus 
Trumbull | 22.63 | 0.95 13.0 | 2,930 | Trissocladius 
Beardsley Park . 17.10 | 0.55 95.8 |13,200 | Trissocladius 
Columbia... | 19.72 | 0.74 65.8 | 3,960 | Chironomus 
Moodus... 20.9 3,178 ? 
Powers. . ari | an dine 26.0 5,760 | Chironomus 
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SEASONAL VARIATIONS 


Study of the seasonal changes in quantity and com- 
position of the bottom fauna in Connecticut lakes is 
possible only in the ease of Linsley Pond, where 
twelve series of samples, 66 in all, were taken at 
approximately monthly intervals beginning on Feb- 
ruary 27, 1937, and extending until April 22 of the 
following year. 


VARIATIONS IN TOTAL QUANTITY 


Since the major fraction of the bottom fauna of 
lakes consists of insects spending only part of their 
life eyele below the surface, large variations in total 
quantity associated with life histories are to be ex- 
pected. In all lakes which have been carefully 
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Fig. 33. Linsley Pond. Variations in mean number of 
Chironomus, Chaoborus, Oligochaeta, and total bottom 
fauna, 1937-1938. 
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studied the maximum populations have been observed 
in the winter, while emergence causes a minimum in 
the spring or early summer. Linsley Pond is not 
exceptional in any important respect, as may be seen 
by reference to Figures 33 and 34. 

The eurve for the mean total number of animals 
below 6 m. (Fig. 33) is less regular than that for 
mean total weight (Fig. 34), as peaks of abundance 
are caused now by one animal, now by another. The 
smallest numbers were found at the beginning of the 
investigation, on February 27, but at this time the 
Chironomus and Chaoborus were mature and relatively 
heavy. A marked decline in numbers and weight was 
observed between April 2 and May 1, and this de- 
cline continued until June 1 in the ease of weights, 
but the numbers were greatly increased by a repro- 
ductive maximum of Tanytarsus in the sublittoral. 
Chironomus underwent a similar increase in numbers 
during the following month, and the total numbers 
rose out of all proportion to the rise in weight; the 
summer minimum in both weights and numbers was 
reached on September 7. Thereafter the total weight 
rose steadily until spring, while the numbers oscil- 
lated significantly after a sharp rise between the 
minimum and October 29. These oscillations are due 
in part to sampling errors and in part to causes to 
be considered in greater detail in the eases of Chiron- 
omus and Chaoborus. 


VARIATIONS OF CHIRONOMUS 


The annual variation in mean number and mean 
weight of Chironomus is presented graphically in 
Figures 33 and 34, and the vertical distribution may 
be seen in Figure 35. During the early spring of 
1937 the numbers were small, although the animals 
were relatively heavy, and while there was a decline 
in both number and weight between April 2 and 
May 1, the numbers found are too small for reliable 
estimates of the total number emerging to be made. 
Large numbers of adult Chironomus were observed 
on May 1, but adults ean be seen over the lake 
throughout the summer, so that if the May phenom- 
enon was a “swarm,” it is characteristic of only one 
of the species of Chironomus inhabiting the bottom. 
Frequency diagrams for body length (Fig. 36) indi- 
eate that the majority of the larvae were mature or 
nearly so until June 1. 


On June 29 the new generation made its appear- 
ance, and hatching evidently took place in the sub- 
littoral (Figs. 35 and 36). Many of the young larvae 
appeared to have been dead at capture, but death 
must have oceurred quite recently. Chironomus ae- 
quires its hemoglobin supply only gradually (Miall 
and Hammond, 1900; Pause, 1918), and as Pause has 
shown the colorless larvae to be less resistant to oxygen 
deficiency than the more mature individuals, the mor- 
tality finds a ready explanation. Between June 29 
and August 13 more young larvae appeared:at slightly 
deeper levels (Fig. 35), and thus eaused a rise in the 
mean total number, but the mean weight decreased, 
and continued to do so until September 7. Meanwhile 
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Fig. 35. Linsley Pond. Vertical distribution of Chironomus, 1937-1938. Weights are shown by solid lines, 
numbers by dashed lines, 
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the population of mature larvae in the profundal zone 
remained at an approximately constant level. 
Between September 7 and October 29 another rise 
took place in numbers and weight. Some of this in- 
crease must have been due to reproduction, but there 
is no direct evidence for a new generation; adults 
which emerged gradually during midsummer probably 
were responsible for the phenomenon. The numbers 
had fallen slightly by December 3, but the remaining 
larvae continued to grow, and a marked rise in mean 
total weight was observed. The subsequent variation 
in weight and number is presumably due to sampling 
errors, but it should be observed that the mature and 
young larvae ceased to be distinguishable in the sub- 
littoral on December 3, and that although the growth 
in length was slower at deeper levels where the tem- 
peratures were lower during the early life of the 
larvae, the two size groups had nearly merged in the 
profundal as well by April 22 (Fig. 36). The size- 
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Fie. 36. Linsley Pond. Size-frequency distribution of 
Chironomus, for selected dates and depths. 


frequency data thus indicate a two-year life cycle for 
at least one species of Linsley Chironomus. Rempel 
(1936) has demonstrated this experimentally for C. 
hyperboreus. Berg (1938) believed that some indi- 
viduals of C. liebeli-bathophilus required two years to 
reach maturity, and also found that the bimodality 
of the Esrom lake populations was less marked in 
shallower waters. 
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VARIATIONS OF CHAOBORUS 


The annual maximum of abundance of Chaoborus 
oceurs in the winter and early spring in Linsley Pond 
as in most other lakes (Juday 1921a; Lundbeck 1926; 
Eggleton 1931). During the early summer there is a 
marked decline as emergence depopulates the bot- 
tom, and the annual minimum is observed in August 
and September, as in all lakes investigated (see also. 
Rawson, 1930; Miyadi and Hazama, 1932; Berg, 
1937). 

Inspection of the curves for mean total number 
and weight (Figs. 33 and 34) reveals fluctuations of 
a surprising order of magnitude during the months 
from September to April. The number of Chaoborus 
is exceptionally large, and the sampling error must 
be very small. Normal events in the life cycle ean 
seareely be involved, for it should be realized that 
both a rise and a fail took place under an ice cover 
(from mid-December to mid-February). It seems 
clear, therefore, that these variations reflect the mi- 
gratory habit of Chaoborus, and this explanation is 
supported by the otherwise inexplicable fact that the 
population below 14 m. increased steadily during the 
winter while the size of its members remained con- 
stant (Fig. 37). Similar fluctuation has been ob- 
served by Juday (1921la, Fig. 1). The vertical migra- 
tion of Chaoborus has not been studied in Linsley, 
although they are known to be pelagie during the 
day (Austin, unpublished observations) ; the behavior 
of young and mature larvae differs somewhat in this 
respect in different lakes (Juday, 1921; Eggleton, 
1932), and although Berg (1937) never found the 
larvae to be limnetie during the day in Esrom Lake, 
Juday and Eggleton frequently observed such a dis- 
tribution on the part of young larvae. 

The rise in numbers and weight observed between 
June 1 and 29 (Figs. 33 and 34) may represent re- 
production, or it may be artificial in that the motility 
of the larvae is responsible. The greater likelihood 
of the latter is suggested by the fact that a pronounced 
change takes place in the vertical benthic distribution 
at this time (Fig. 38), so that the increase is not 
evident in the curve for the 14-m. station; moreover, 
no decrease in size on the part of the general pop- 
ulation, such as might be expected if the phenomenon 
were reproductive, is observed (Fig. 37). 

The young larvae made their first appearance on 
August 13; they grew rapidly, and the modal size 
class reached 6 mm. by September 7, after which 
there was no further change in length. The increase 
in weight was accomplished more slowly, however, as 
may be judged from the relative positions of the 
curves for weight and numbers in Figure 38. No 
explanation can be given for the fact that the modal 
size was larger (7 mm.) for the earlier generation 
than for the later. 

Unless the relatively insignificant rise in June 29 
is to be regarded as evidence of a midsummer gen- 
eration, Chaoborus produces only one generation a 
year in Linsley. Muttkowski (1918) believed, ap- 
parently on the basis of experimental rearing, that 












































‘ - = . 
434 Epwarp S. DEEVEY, JR. eciogions eeerate 
le . . 
1oo> 
- 
7-4 
| | 
le o e 
b 3 
—o +0 30 “4° 30 4@ 2 
s 4 a 4 4 J z 
o {_— in me a —sr . 5 — a6 ah 5 Lf —* ae - 
” 4 4 - = - — — } — = 
© +0 2 © 4° —4°9° —j0 nd @ —e ==" © —eC vo 
« - 2 
w 7 ~ 4 = 
a 304 o ” a o Tl.) a o qo / “ a io 4 
r,) 4 | / 
° 7 4@ @ * ye / 
z L —> z in ah 4 4 1 rn oe —— 
o o rs) ° on on o on on “oO 
~ i) oN - ae an an + Be oN oo we eee an ow an 
> 
° | Fl NuMBER OF LARVAE IN PER CENT 
x 
- 
2s « 
br ae ——— 











_ | MAR] APR | 


MAY | suNE| vucy] auG]|sePT] oct | Nov]| vec | JAN 


FEB | MAR | APR 





Fig. 37. Linsley Pond. Variations in number of Chaoborus below 14 m., with size-frequency distribution for 


the populations shown. 


three overlapping broods matured each year in Lake 
Mendota, but the experiments were presumably con- 
ducted under optimum conditions, and as Rawson 
(1930) points out, the occurrence of a sharply de- 
fined annual minimum in August indicates that the 
early summer broods in most lakes are quantitatively 
unimportant. Berg (1937) found C. flavicans to be 
monoeyelie in Esrom Lake. 


VARIATIONS OF OTHER ANIMALS 


Tanytarsus undergoes pronounced seasonal changes 
in abundanee, but as this sublittoral animal occurs 
in relatively few samples, and as the numbers are in 
general small, the variations cannot be successfully 
analyzed. A decline in numbers presumably caused 
by emergence was observed between February 27 and 
May 1, 1937, and the new generation of young larvae 
appeared on June 1. Most of those observed were 
obviously unhealthy, or had recently died, and the 
subsequent decrease in numbers is no doubt due in 
large part to the failure of the larvae to survive even 
the relatively mild oxygen deficiency. The numbers 
remained approximately constant from September 7 
until the following February, and another decline 
had taken place by April 22. The evidence, insuffi- 
cient as it is, suggests that Tanytarsus is monocyelie 
in Linsley, as well as in Quassapaug. 

No large number of young Tanypus has ever been 
encountered in Linsley Pond, and no information 
bearing on the life eyele of this form can be adduced 
from the observations. 


Oligochaetes (chiefly Tubificidae), unlike dipterous 
larvae, spend their entire life on the lake bottom; 
their population remains essentially stable throughout 
the year, particularly in respect to mean total weight, 
and such changes as do oceur (Figs. 33 and 34) are 
so irregular that their statistical reliability is open to 
question. A slight increase in the early spring sug- 
gests the possibility that a single annual generation 
is produced; Lundbeck (1926) came to the conelusion, 
on the basis of more striking rises, that two crops 
per year were formed in the Grosser Ploner See. 


VARIATIONS IN VERTICAL DISTRIBUTION 


Migration and Wandering 

The seasonal eyele of physico-chemical events in a 
lake, particularly in a eutrophic lake such as Linsley 
Pond, imposes a wide variety of ecological conditions 
upon the inhabitants; even those members of the 
bottom fauna which are best adapted to such con- 
ditions in many eases “endure rather than select” 
their environment, as Eggleton puts it (1931). The 
number of species having the ability to withstand 
the low oxygen tensions and high concentrations of 
toxic substances such as copper (Riley, 1939a) oceur- 
ring in the hypolimnion during the summer is neces- 
sarily small; ever for these migration at certain times 
would seem to offer the only alternative to death. 

Shoreward migrations on the part of the profundal 
bottom dwellers have frequently been observed; 
among the most striking are those reported for 
Chironomus bathophilus and C. plumosus by Lund- 
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Fic. 38. Linsley Pond, Vertical distribution of Chaoborus, 1937-1938. Weights are shown by solid lines, num- 
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beck (1926), but Berg (1938) describes similar migra- 
tions for a long list of species including insect larvae, 
molluses, mites, and ostracods. No instance of up- 
ward migration on the part of Chironomus during 
the early summer ean be detected in the Linsley data 
(Fig. 35), as the pronounced sublittoral maximum 
appears to have been wholly due to the hatching of 
young larvae. The evidence for a downward migra- 
tion after September 7 is more convincing, and this 
may be attributed to the gradual aeration of the lower 
waters through the falling of the thermocline and 
autumnal eireulation. Lundbeck, however, considers 
vertical migration to be an endeavor on the part of 
the animal to attain a thermal optimum, and this 
explanation cannot be altogether excluded (see Berg 
1938, pp. 197-203). 

The physiology of any such migration is difficult to 
understand, and it is clear that vertical movement in 
either direction cannot be a tropistie response, since 
the gradient of any physical or chemical agent con- 
ceivably involved must be so slight with respect to 
the length of a bottom animal as to be imperceptible. 
It is probable that a random movement, or wandering, 
takes place and that only the resultant represents 
migration, while the less fortunate individuals die. 

Examples of random movement are abundant in 
the data of Lundbeck and other authors, and the 
downward extension of sublittoral species into the 
profundal on certain occasions is probably a ease in 
point. Such invasions are most frequent during vernal 
and autumnal cireulation, but Tanypus was sometimes 
taken in the profundal zone of Linsley Pond in sum- 
mer, while Sialis and other insects are often pro- 
fundal guests in other Connecticut lakes. 

Seasonal variation in the form of the distribution 
curve is especially marked in the case of Chaoborus 
(Fig. 38), which is capable of attaining astonishing 
numerical abundance on the deepest bottoms of Lins- 
ley Pond, yet which avoids such areas during sum- 
mer stagnation. A similar reversal of distribution 
has been observed by other workers, notably by Eggle- 
ton (1931), Miyadi (1932¢), and Valle (1936). 

A striking example of vertical migration has been 
observed in Linsley Pond in the ease of the rhabdo- 
coel, Phaenocora kepneri adenticulata (Gilbert, 1938). 
This turbellarian is probably to be regarded as a lit- 
toral species, although it has occasionally been taken 
in the profundal zone of Connecticut lakes that have 
mesotrophic or oligotrophic oxygen curves. In Linsley 
Pond it appears in the profundal only in the spring, 
as shown in Table 2: 


TABLE 2. Benthic 


Linsley Pond. 


Distribution of Phaenocora in 


April 1, 1937 May 1, 1937 April 22, 1938 
Depth Number Depth Number Depth Number 
8m. 0 6.5m. 0 6m. 222 
10 44 8.5 444 7 133 
11.5 44 10.3 1510 9.1 576 
13 0 13 533 10.9 799 
14.5 666 14.5 44 13.3 0 

14.5 0 
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Ecological Monographs 
Vol. 11, No. 4 
The animal was absent on February 7, 1938, and no 
samples were taken at the beginning of April in that 
year, but there can be no doubt that the distribution 
was essentially similar during the spring of both 
years, and a vertical migration is clearly indicated 
during April, 1937. Phaenocora presumably spends 
the period of severe stagnation in the littoral zone, 
where sampling did not extend; the eggs are evidently 
carried throughout the lake, and the animals move 
upward shortly after hatching. Whether rising tem- 
perature or oxygen deficiency or several factors act- 
ing in combination are responsible for the movement 
cannot be determined in the absence of experimental 
evidence. 
The Concentration Zone 
By this term Eggleton (1931 et seq.) refers to the 
maximum in the eurve for total animals frequently 
found in the summer in the lower sublittoral or upper 
profundal zone. Such a maximum is of frequent oc- 
currence in lakes of various types, and may be ob- 
served in the figures for Linsley (Fig. 39) and other 
Connecticut lakes (Lake Waramaug, Fig. 4; Mt. Tom 
Pond, Fig. 6; Gardner Lake, Fig. 11; West Hill Lake, 
Fig. 17). Although seasonal series of samples are 
available only for Linsley Pond, these, combined with 
the data given by Eggleton, leave little room for 
doubt that the concentration zone is the result of two 
major processes: (1) the upward migration of typi- 
eal profundal species, with which is associated the 
reversal of the bathymetric distribution of Chaoborus; 
(2) the reproduction of chironomids, especially Chi- 
ronomus, in the shallower parts of the lake. 


ANAEROBIOSIS 


No metazoan has been shown to earry on autotro- 
phie anaerobic respiration under laboratory condi- 
tions; some forms, such as Chironomus, Tubifex, and 
certain parasites, which can endure prolonged expo- 
sure to extremely low oxygen tensions, do so by virtue 
of an unusual ability to perform anaerobie glycolysis 
and accumulate an oxygen debt (Harnisch, 1930- 
1939). The same property is shown to a more or less 
limited extent by many other invertebrates (Maloeuf, 
1936; Von Brand, 1934). Harnisch, in a detailed com- 
parison of the respiratory physiology of Chironomus 
and Tanytarsus (1937b), has indicated that the eury- 
oxybiont power of the former consists in a more regu- 
lar and effective “secondary oxybiosis” immediately 
after the readmission of air. 

Although the characteristic members of the pro- 
fundal bottom fauna of eutrophic lakes are evidently 
able to perform respiration successfully at oxygen 
tensions of a few millimeters and which reach zero at 
intervals of several days, prolonged exposure to oxy- 
gen-free environments is eventually fatal. Lindeman 
(1941) has shown that Chironomus larvae ean with- 
stand complete oxygen lack for a period of four 
months at 10° C. This heroie performance is not nee- 
essary in Linsley Pond, however, as no Connecticut 
lake has ever been found to be devoid of oxygen at 
any level by means of the Alsterberg modification of 
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Fig. 39. Linsley Pond. Vertical distribution of total bottom fauna, 


lines, numbers by dashed lines. 


the Winkler method. 


It is important to note that 


much of the case for anaerobiosis rests on analyses 
made either with the unmodified Winkler method or 


with the Rideal-Stewart modification. 


The original 


method is known to be unreliable in the presence of 
organie matter of ferrous iron (Ruttner, 1931; Ohle, 


1937-1938. Weights are shown by solid 


1936), and the Rideal-Stewart technique, although an 
improvement, requires the addition of larger volumes 
of reagents than does the Alsterberg method. Thus, 
while the available information does not diseredit the 
contention of Juday (1908, 1921la) and Eggleton 
(1931) that the profundal bottom fauna of Lake 
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Mendota and Douglas Lake consists of species capable 
of respiring anaerobically for the duration of summer 
stagnation, there is reason to doubt the universality 
of their results. It may be recalled that the bottom of 
meromictie lakes is usually devoid of metazoan species. 


But if the continued existence of a profundal eu- 
trophic fauna in the complete absence of oxygen is 
open to question, the ecological importance of oxygen 
deficieney is not. The paramount significance of this 
factor is well exemplified by the recurrence of aesti- 
vation among various benthie species. Eneystment by 
the harpacticoid copepod Canthocamptus staphyli- 
noides Pearse in Connecticut lakes has been reported 
elsewhere (Deevey, 1941) and it has been shown that 
this process is an effective means of surviving low 
oxygen tensions. Trissocladius, a chironomid of fre- 
quent occurrence in Connecticut highland lakes, en- 
shrouds itself in a close-fitting cocoon, and is nearly 
always taken in that condition during the summer. 
Individuals removed from the cocoon soon after eap- 
ture remain quiescent and rigid, but become active 
after a few hours’ exposure to well-oxygenated water ; 
the same is true of Tanytarsus, which aestivates in 
similar fashion within its more loosely fitting tube. 
The experiments on which these conclusions are based 
were performed on animals taken at 17 and 19 m. in 
Lake Quassapaug on October 27, 1937, shortly before 
the fall overturn. 


VERTICAL DISTRIBUTION 


DISTRIBUTION TYPES IN CONNECTICUT LAKES 


For purposes of comparison among themselves and 
with lakes in other parts of the world the curves 
showing vertical distribution of total organisms by 
weight (Figs. 4-7, 10-19, 21-32, 39) have been sehema- 
tized and elassified into four types (Fig. 40). 
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Fig. 40. Schematized types of vertical distribution of 
bottom fauna by weight in Connecticut lakes. 





In lakes of Type Ia the total quantity of bottom 
fauna is low, and the weight is evenly distributed at 
all depths or in slightly greater amounts in the littoral 
zone. This division ineludes all the Trissoeladius lakes 
except Terramuggus, one Tanytarsus lake (Rogers), 
one “mesotrophie Chironomus” lake (Long), and two 
aberrant, quantitatively unproductive Chironomus 
lakes, Queechy and Crystal. Type Ib is a variant of 
this, and includes only two “mesotrophie Chironomus” 
lakes, Wononseopomue and Highland. 
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The lakes of Type II are for the most part quanti- 
tatively richer than those of Types Ia and b, and are 
characterized by the presence of a maximum popula- 
tion in the sublittoral or upper profundal (the con- 
centration zone of Eggleton). Linsley Pond belongs 
to this type in summer, as do the aberrant Chirono- 
mus lakes, Gardner and Mashapaug, and the Tany- 
tarsus lake Quassapaug. 

Type III ineludes relatively productive lakes with 
a sublittoral minimum and a maximum in the middle 
or lower profundal but not at the maximum depth; 
among them are four Chironomus lakes (Lake Wam- 
gumbaug, Lake Waramaug, Mt. Tom Pond, and Ball 
Pond), three “mesotrophic Chironomus” lakes (East 
Twin, West Hill, and Alexander), and Terramugegus, 
a Trissocladius lake. 

Shenipsit Lake, a Tanytarsus lake (Fig. 25), is 
unique in showing a maximum (chiefly of tubificids) 
at the maximum depth. In default of additional 
samples this lake may be referred on general grounds 
to Type Ia; further discussion will make clear the 
justifiability of this arbitrary step. 

The eurves of Figure 40 are regarded as faithful 
representations of the observed distributions, in so 
far as the schematic technique permits, and were 
drawn empirically; it is of interest, therefore, that 
very similar curves were prepared by Lundbeck (1936, 
Fig. 27). Type Ia is identical with Lundbeck’s gen- 
eralization of the distribution in “oligotrophic” lakes, 
while Types II and III elosely resemble his “meso- 
trophic” and “eutrophic” curves for depths below the 
littoral. 

Types Ia and Ib may be rationalized by making the 
assumption that the qualitatively heterogeneous bot- 
tom fauna of a lake in which the hypolimnion is well 
supplied with oxygen is distributed in potentially uni- 
form fashion; the littoral areas may be quantitatively 
more productive than those below, either because mol- 
luses are abundant or because the aquatie vegetation 
offers protection from fish predation (Lundbeck, 
1926), and the ease with which fishes may forage at 
greater depths provides an explanation for the ab- 
sence of a sublittoral minimum. If the profundal ooze 
is unusually rich in organie matter, as in Highland 
Lake, or in reducing substances, as in Wononscopo- 
mue Lake, the benthic productivity may decline to- 
ward the maximum depth, giving the distribution 
form Ib. 

In deducing a theoretical basis for the distribution 
of Type III the prevailingly eutrophic form of the 
oxygen curve may be supposed to exercise an impor- 
tant role, together with the reducing power of the 
ooze, in depleting the population near the maximum 
depth; the restriction of feeding activities on the part 
of fishes to the sublittoral zone is responsible for a 
minimum in this zone, and the chironomids and oligo- 
chaetes are in consequence found in greatest numbers 
in the middle profundal. The plausible suggestion 
that fish predation may have this consequence is due 
to Lundbeck (1926, pp. 244-259). The more widely 
quoted remark of the same author, that the sublittoral 
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is a transition zone, too “littoral” for profundal ani- 
mals and too “profundal” for littoral species (Raw- 
son, 1930, p. 78; Miyadi, 1932b, p. 96) cannot be 
regarded as an explanation. 

The fact that Type II characterizes two such typo- 
logically distinct lakes as Linsley and Quassapaug, 
however, suggests that no single set of circumstances 
is responsible for this form. The maximum in the 
lower sublittoral or upper profundal in Linsley Pond 
is the concentration zone, and it has been shown that 
this feature is the result of upward migration of 
Chironomus larvae or of summer reproduction or 
both. The maximum in the upper profundal of Lake 
Quassapaug also appears to have been caused by the 
reproduction of Tanytarsus. It is significant that the 
distribution of the fauna in the fall and early winter 
in Linsley resembles Type III (Fig. 39), while the 
Quassapaug curves for March and October belong to 
Type Ia (Figs. 22, 24). Thus Type II is equivocal, 
and may represent either a displacement of Type III 
or a minor variant of Type I. In all probability the 
same may be said of the “mesotrophic” curve de- 
seribed by Lundbeck. 

If the foregoing deductions are not too facile, the 
empirical distribution types I and III may be con- 
sidered to have an adequate theoretical basis. It 
should be noted, however, that in Connecticut these 
types are not so typologieally diagnostic as Lundbeck 
supposed; Type I is especially heterogeneous in this 
respect, and Type III includes both typical Chirono- 
mus and mesotrophic Chironomus lakes. 


COMPARISON WITH OTHER LAKES 


The number of lakes in various parts of the world 
on which studies of the bottom fauna have been made 
is very large, but the subject of vertical distribution 
has been discussed by relatively few authors, and in 
many eases the published data do not permit com- 
parisons. A survey of the relevant information indi- 
cates, however, that the generalizations of Lundbeck, 
as illustrated in Types I and III (Types I-IT and IV 
of Lundbeck) are valid; the exceptions are numerous, 
but probably no more so than might be expected in 
so complex a situation, and it appears to be impos- 
sible to draw up other schemata of greater applica- 
bility or ecological defensibility. 

The relatively uniform curve of Type I was found 
by Lundbeck to characterize most of the deep, oligo- 
trophic Alpenrandseen (1936, 1936a), as well as the 
more oligotrophic of the North German lakes, such as 
the Breiter Lucin (1926) and the Wollingster See 
(1933); the littoral zone of the latter group was 
found to be somewhat more productive than that of 
the former, and Lundbeck’s Type II was erected to 
illustrate this fact. The bottom fauna of the Vitter 
appears to follow the same distribution (Ekman, 
1915), as does that of the deeper Finnish lakes, e.g., 
Pyhajirvi (Jarnefelt, 1928a), Paajarvi, Vanasjan- 
selka, Lehijirvi (Jirnefelt, 1929a) and those in the 
Petsamo region (Jirnefelt, 1934a). Many of the 
deeper lakes of Japan belong to this class, particu- 
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larly the Tanytarsus lakes Aoki-ko (Miyadi, 1931), 
Sai-ko and Asino-ko (Miyadi, 1933b), but in the very 
deep lakes of this region, such as Tazawa-ko (Miyadi, 
1933e), which in general lack chironomids in the 
deeper profundal, the tubificids show a curiously ir- 
regular distribution, with maxima at great depths. 
Beloje Lake in central Russia (Decksbach, 1928) 
shows a benthic curve of Type I, as does Paul Lake, 
British Columbia (Rawson, 1934); the observations 
of Birge and Juday (1921) on the bottom fauna of 
certain of the Finger Lakes in New York State are 
too fragmentary to indicate the form of the distribu- 
tion, but Green Lake, Wisconsin (Juday, 1924) dif- 
fers only slightly from the typical form, and resembles 
Type Ib. Of the deep lakes hitherto studied which 
fail to conform to the expected distribution, the most 
important are Lake Nipigon (Adamstone, 1924) and 
Lake Michigan (Eggleton, 1936, 1937); in both lakes 
the amphipod Pontoporeia hoyi dominates the fauna, 
and produces a maximum in the middle or lower 
profundal. 

The best examples of Distribution-type III are the 
Grosser Pléner See (Lundbeck, 1926) and Lake Sim- 
coe (Rawson, 1930); many other lakes chiefly popu- 
lated by Chironomus cr a more mesotrophic genus, 
such as Endochironomus, may be cited as illustrating 
this form: Lake Wawasee, Indiana (Scott, Hile, and 
Spieth, 1928), Virmajirvi (Jarnefelt, 1925) and 
Vesijarvi (Jiarnefelt, 1929) in Finland, Yamanaka-ko, 
Kawaguti-ko, Syézi-ko (Miyadi, 1933b) and Sumiyoso- 
ike (Miyadi, 1933¢) in Japan, Beloje Lake near Mos- 
cow (Decksbach, 1925), Pereslawskoje Lake in central 
Russia (Decksbach and Decksbach, 1931). It is clear, 
however, that this form of curve is a function of the 
distributions of chironomids and oligochaetes in eu- 
trophic lakes, and important exceptions are found in 
many lakes dominated by Chaoborus, such as Lake 
Mendota (Juday, 1921a), Third Sister and Douglas 
lakes in Michigan (Eggleton, 1931), and the Chao- 
borus lakes of Finland (Jarnefelt, 1925, 1929a, 1936a; 
Valle, 1936) and Japan (Miyadi, 1931, 1932, 1932a, 
1932¢; Miyadi and Hazama, 1932). It has been shown 
that in Linsley Pond this genus is bathyphilous dur- 
ing most of the year, but reverses its distribution in 
summer and increases the population in the concen- 
tration zone; in those lakes in which this reversal is 
not significant, or in which the date of the sampling 
series was not so chosen as to show it, the presence 
of Chaoborus lends a bathyphilous form to the eurve 
for total fauna. Lundbeck (1926, Fig. 26) has eon- 
structed a eurve for “Humusschlammseen” which 
resembles the author’s Type III, but regards the 
Chaoborus maximum in the middle profundal as 
“false”; this conclusion is probably valid for the lakes 
in question, but eannot be accepted for harmonic 
lakes. 

BENTHIC PRODUCTIVITY 


REGIONAL COMPARISONS 


The mean benthic productivity of 33 Connecticut 
lakes is tabulated in Table 3 (Column 1); the figures 
for Powers Lake, Moriarity’s Pond, and Moodus 
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Fig. 41. Frequency-distribution of benthic productivity in several lake districts. See text for references and 
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other details. 


Reservoir are not included in this table, but may be 
found in Table 1. In considering this body of data it 
should be remembered that it is by no means certain 
that benthie productivity can be expressed in a single 
average, although a mean figure weighted for the area 
at a given depth is probably the fairest single quan- 
tity for comparative purposes; that the littoral zone 
is especially difficult to sample, and that the larger 
molluses have been disregarded; that the most vari- 
able parts of the littoral and sublittoral zones, the 
sandy and gravelly bottoms and rocky shoals, have 
been wholly neglected; and that with the exception of 
Linsley Pond, Queechy Lake, and Lake Quassapaug, 
summer series only are represented in the values 
given. The information available from Linsley Pond 
and from the work of other authors indicates that the 
mean annual standing crop may be twice that of the 
summer, while the maximum crop may be three times 
the summer quantity. The Connecticut lakes, however, 
are comparatively uniform in size, littoral variability, 
and perhaps even in primary typology, and an effort 
has been made to standardize the sampling technique, 
so that the figures may reasonably be compared inter 
se, and an attempt will be made to draw comparisons 
with other regions as well. 

The mean of the 36 lakes is 75.1 kg. per ha.; the 
very great range (from 10.9 to 348.0 kg. per ha.) 
makes this figure rather meaningless, and the data 
may be more profitably examined by presenting them 
in the form of a histogram (Fig. 41), grouping the 
values in units of 20 kg. per ha. The distribution is 
bimodal, with modes at 20-40 and 60-80 kg. per ha., 
and is extremely skewed. 

Similar histograms have been prepared for the 
other lake districts investigated, using the data of 
Jirnefelt (1925-1934) and Valle (1927, 1928) for 
Finland, Olstad (1925) for Norway, Alm (1922, 
1927) and others tabulated by him in 1922 for Swe- 


den (see also Naumann, 1923), Deeksbach and others 
tabulated by Decksbach and Decksbach (1931) for 
Russia, Lundbeek (1926, 1933, 1936) for North Ger- 
many and (1936) for the Alps. It is impossible to 
make strictly valid comparisons among all these 
bodies of data, in part for the reasons just stated, 
and in part because of important differences in tech- 
nique and method of presentation of results employed 
by the various authors; in particular it may be ob- 
served that all the averages used exeept those of 
Lundbeck and those from Connecticut are simply 
arithmetic, and it is not always clear to what extent 
grouping by depth zones has been employed in eal- 
culating the figures given. Moreover, the data of Alm, 
like those of the author, refer for the most part to 
soft bottoms below the littoral zone, and supplemen- 
tary information for a number of Russian lakes ap- 
pears to have been published only in Russian. 

If the many obstacles to satisfactory comparison 
are appreciated, the histograms of Figure 41 are not 
altogether divested of interest. It is clear that there 
are significant differences in the modal class, and that 
the lakes of Finland and Sweden are unusually poor 
in bottom fauna. The molluses have been omitted 
from the data for North Germany and the Alps, in 
order to facilitate comparison with Connecticut and 
Sweden; but this procedure merely causes a restric- 
tion of the range, and does not materially affeet the 
position of the modes. Two striking features there- 
fore distinguish the diagrams of Figure 41: the close 
general similarity of form among all the distributions, 
and the very considerable variation in standing erop 
represented within each group of lakes. 

It is generally admitted that the regional aspect of 
limnologieal differences is an expression of edaphic 
and climatic factors, and the chief task of typological 
classification is to distinguish those typological fea- 
tures which are primary from those of secondary or 
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morphometric character (Lundbeck, 1934; Hutechin- 
son, 1938a; Rawson, 1939a; Deevey, 1940). The po- 
sition of benthie productivity among the characteristics 
of lakes having typological significance has never 
been ascertained, and the facts -brought out by the 
comparisons in Figure 41 have received no attention 
commensurate with their importance. It might be 
supposed that regional characteristics find their real- 
ization in the productivity of the benthie zone, as 
well as in the endowment of nutrient materials or the 
production of phytoplankton, but that this is not the 
case is indicated by the fact that Connecticut, a region 
oligotypie for phosphorus and mesotrophie from the 
standpoint of the increment in the hypolimnetie oxy- 
gen deficit, is no less productive of bottom fauna than 
eutrophic, phosphorus-rich North Germany. The ex- 
istence of a few North German lakes characterized by 
enormous quantities of molluses leaves this statement 
open to possible dispute; but that variations in pri- 
mary typology are not chiefly responsible for varia- 
tions in benthie productivity can also be made clear 
from the consideration that Lake Mendota, which is 
slightly less eutrophic than Green Lake in respect to 
the plankton under unit area, has a mean crop of 
bottom fauna 3.5 times that of the latter lake. (The 
values for the benthie productivity of Mendota and 
Green Lake, 469 and 133 kg. fresh weight per ha., 
have been obtained by weighting the values given 
(Juday, 192la, 1924) for the areas at different 
depths.) Linsley Pond, which has much less plankton 
under unit area, approaches Mendota in mean quan- 
tity of bottom fauna, being 2.6 times more productive 
than Green Lake. 


Since the quantity of bottom fauna in a lake evi- 
dently does not reflect the real, or primary typology, 
general considerations suggest that apparent, or mor- 
phometrie typology may be responsible. This eon- 
clusion was in fact reached by Rawson (1930), who 
regarded the volume of the lake (area x mean depth) 
as the controlling factor, but thought it necessary to 
set upper limits beyond which further increase in area 
and depth had no effect in limiting bottom produc- 
tion. In his Graph X (p. 104) Rawson presented a 
curve showing a relationship of hyperbolic form be- 
tween volume and benthic production in seven lakes, 
of which one, Lake George, could be ineluded only on 
the basis of an arbitrary and probably erroneous as- 
sumption of the mean depth (see Halbfass, 1923) and 
on the basis of inadequate studies of the bottom 
fauna (Needham, Juday, et al., 1922). 


Examination of a much larger body of data than 
was available to Rawson in 1930 is possible since the 
publication of Lundbeck’s studies of the Alpenrand- 
seen, as well as by reference to Halbfass (1923) 
for morphometric information about North German, 
Swedish, and Russian lakes; morphometric data for 
some of the Russian lakes studied by Decksbach have 
also been published by Rossolimo (1925) and Spi- 
jarny (1928). The results of such an examination 
are not favorable to Rawson’s hypothesis, as a “shot- 
gun plot” is obtained when benthie productivity is 
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plotted against volume, whether or not the upper 
limits set by Rawson are adopted. The possibility of 
a relationship with mean depth, however, cannot be 
so easily dismissed. 

Bottom fauna in kg. per ha. has been plotted 
against mean depth for 116 lakes (Fig. 42), including 
the Alpendrandseen, 18 of the North German lakes 
for which morphometric data are readily available, 
10 Russian, 5 Swedish, and 34 Connecticut lakes; ° 
Lake Mendota and Green Lake were included, as were 
Lakes Simeoe and Waskesiu (Rawson, 1930), Lake 
Okanagan (Rawson, 1939), Paul Lake (Rawson, 
1934), Lake Nipigon (Adamstone, 1924), and Lake 
Wawasee (Scott, Hile, and Spieth, 1928). Data for 
the last six lakes were converted from dry to fresh 
weight by assuming an average water content of 80 
per cent for bottom organisms, and the figure for Lake 
Wawasee (814 kg. fresh weight per ha.) was obtained 
by caleulation of dry weight from the number of or- 
ganisms, weighting for area, and multiplication by 5. 
The resulting plot resembles an hyperbola, with the 
North German lakes ranged along one axis, the Alpen- 
randseen and other deep lakes along the other, and 
the remaining lakes in the corner. One Alpine lake 
(Schleinsee) stands with the most productive North 
German lakes at the top of the curve, and if Esrom 
Lake (Berg, 1938) is included, this arm of the curve 
is greatly extended. 

Unfortunately all attempts to deseribe the relation 
between bottom fauna and mean depth have failed, 
as neither hyperbolic nor exponential functions can 
be so fitted as to produce an approximately straight 
line. It appears, therefore, that the supposed “hyper- 
bola” is the result of nonecorrelation within several 
very diverse bodies of data. 

Sinee benthic productivity is correlated neither 
with primary nor secondary typology, one may con- 
clude that both classes of factors, perhaps together 
with others, are responsible, and that in all probabil- 
ity no simple relationship exists between the quantity 
of bottom fauna and the lake type. Further analysis 
of the Connecticut data, as described in the following 
section, will indicate how complex the relationship 
may be, and what classes of factors may be involved. 


ANALYSIS OF THE CONNECTICUT DaTA 


Limitations of the Data 


The available information is set forth in Table 3; 
the major defects of the estimates of benthie produe- 
tivity have already been discussed, but some of the 
figures in the other columns are open to certain inher- 
ent objections which should be fully appreciated. 

The best available index of plankton crop in Con- 
necticut lakes is the mean summer chlorophyll content 
of the surface water; the reliability of some of the 
figures is questionable, since one or two analyses only 
were made in most eases, and no determinations at 
deeper levels are available except in the eases of 
Linsley Pond and Lake Quassapaug. Moreover, the 
usefulness of these estimates as indices of total plank- 
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TABLE 3. Summary of Limnological Data for 33 Con- 
necticut and New York Lakes. 
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Queechy.. | 37.2) 2.54] 3.68] 7.35] 30.42|1.66/0.13| 6.9 
Wononscopomue .|120.0| 1.83] 2.98] 11.88) 19.49/0.36/0.63|11.1 
East Twin.......|165.0| 1.70} 2.98] 8.00] 33.95/0.91|0.07| 9.9 
Pocotopaug.... . .| 78.6) 2.30) 2.46 en 17.81|0.70/0.11| 3.8 
Pataguanset.....| 29.1) 1.24) 1.57) 4.26 31.34/0.87/0.12| 3.9 
Green Falls......| 15.4) 1.25) 1.25) 7.50} 13.34/0.61)0.07| 4.1 
Long............| 60.5] 0.95] 1.50| 8.06| 28.75|1.06/0.16| 4.2 
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Rogers..........| 76.0] 1.08} 1.70) 5.19) 30.95|1.33|0.17| 5.9 
Linsley |348.0] 6.09) 10.20} 3.10) 28.88|1.44/0.11| 6.7 
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Mt. Tom......../218.0| 1.97| 2.42! 2.97 19.71|1.14|0.22| 6.5 
Taunton........| 63.0} 1.82) 1.82! 7.63} 23.29|1.43|0.18| 6.6 
Samp Mortar... | 34.4 3.54} 3.54| 7.57} 17.98|0.61|0. 16| 2.3 
Beardsley Park ..| 95.8] 2.12| 2.12) 6.36] 17.10|0.55|0.16) 3.4 
Trumbull... ... ay 2.33} 2.33} 6.19| 22.63|0.95/0.17| 4.0 

| | | 








ton content depends on the ratio of phytoplankton to 
zooplankton. Riley (1940) has shown that this ratio, 
on the basis of ealeulated volumes of plants and ani- 
mals, is as high as 5.5 to 1 in the surface waters of 
Linsley Pond, although in the lakes studied by Rutt- 
ner (1937), which are probably more typical of lakes 
in general and Connecticut lakes in particular, simi- 
lar estimates yield smaller values of the ratio. 

The quantity of chlorophyll under unit area has 
been estimated in two ways; multiplication of the 
surface chlorophyll by the mean depth and division 
by 10 requires the assumption that living phytoplank- 
ton or its dead equivalent is distributed through the 
entire vertical column, with a mean concentration 
equal to that at the surface. Multiplication of the 
same figures by the volume of the trophogenie zone 
and division by 10 times the area requires the assump- 
tion that living phyotoplankton is distributed through 
the trophogenie zone with a mean concentration equal 
to that at the surface, and the use of the resulting 
figures requires the additional assumption that living 
phytoplankton only contributes to the nourishment 
of the bottom fauna. 

The trophogenie zone has been considered to ex- 
tend to a depth corresponding to 1.2 times the mean 
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summer transparency, in accordance with the results 
of Yoshimura (1939). This arbitrary assumption is 
further subject to the error involved when only one 
or two Seechi dise readings are available; moreover, 
thermally unstratified lakes have been considered to 
be in full circulation, regardless of the transparency. 
The mean oxygen content of the hypolimnion has 
been caleulated by plotting the product (oxygen x 
area) against depth, integrating graphically for the 
tropholytie zone, or for the whole lake if thermal 
stratification was absent, and dividing by the volume 
of the appropriate zone. A serious error may be 
incurred in the ease of shallow, fairly clear lakes, 
for which a single series of oxygen analyses is avail- 
able, due to the varying extent to which photo- 
synthesis takes place in the hypolimnion. 

The nutrient content of the profundal ooze has 
been examined by chemical analysis of single samples 
taken with the Ekman dredge near the maximum 
depth. The final results will be reported by Hutchin- 
son and Wollack, and grateful appreciation is ex- 
pressed to these colleagues for permission to include 
the estimates of total phosphorus and loss on ignition 
in Table 3 in advance of publication. It is probable 
that the samples taken are not in all cases fairly 
representative of the entire profundal bottom; but a 
more serious error is ineurred through failure to use 
a core sampler, since the exact stratigraphic position 
of the samples analyzed is not known. Hutchinson 
and Wollack (1940) have shown that a marked in- 
crease in mineral content of the sediments has taken 
place in Linsley Pond since European colonization, 
and erosion has doubtless affected the sediments of 
other Connecticut lakes as well. 

Estimates of the mean depth of the lakes are the 
most reliable of the data of Table 3, but it should be 
noted that the mean depth of Candlewood Lake has 
been arbitrarily set at 8 m., although the volume of 
the lake above 30 feet is accurately known from sur- 
veys made by the Connecticut Light and Power Com- 
pany, and the mean depth of the trophogenie zone is 
4.2 m. 


Statistical analysts 


The simple correlation coefficients between bottom 
fauna and the other measured factors are as follows: 


Bottom fauna 


x chlorophyll in trophogenie zone =rpe = 0.424 
x chlorophyll in entire lake =e = 0.621 
x mean depth =Thpaq = 0.306 
xX organic nitrogen in 00ze =Th, = 06.262 
x total phosphorus in ooze ='"hbp = 0.130 
x loss on ignition of ooze =FRi = ORR 
x mean hypolimnetic oxygen =Tpho = —9.450 


The correlation between bottom fauna and plankton, 
as measured by chlorophyll, is significant regardless 
of the method of calculation employed, but the zero 
order correlation with mean depth is of questionable 
significance. The partial correlation coefficients, how- 
ever, show that the relationship with mean depth is 
valid : 
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Tbhe.d — 0.481 
Tbd.c = 0.388 


The multiple correlation coefficient between bottom 
fauna and the plankton in the trophogenic zone plus 
depth is an improvement, 

Rp.ed = 0.538 


but this is still not so high as the simple correlation 
between bottom fauna and the plankton in the entire 
lake, 

The! = 0.621 


As the latter estimate is in part a function of the 
mean depth, the calculations suggest that a large 
plankton crop is most conducive to a large crop of 
bottom organisms when combined with a relatively 
long vertical column containing living and dead plank- 
ton. Hutchinson and Wollack (1940) have suggested 
the probability that the bottom organisms play an 
important part in the regeneration of phosphorus 
from the lake bottom. The possibility that the cor- 
relation between bottom fauna and plankton reflects 
such a mechanism cannot be eliminated out of hand, 
but it seems unlikely that the process is such a vital 
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one in the metabolism of lakes as to give values of r 
of the magnitudes observed. It is plain that the 
observed relationship may be expected only within a 
relatively uniform series of comparatively shallow 
lakes in which plankton production occasionally takes 
place throughout the entire column, and that the cor- 
relation between bottom fauna and depth, if present, 
will be negative when the range of depths is suffi- 
ciently great to permit expression of open-water ~ 
cycles of decomposition and regeneration. Thus the 
paradox of Figure 42, a pseudo-hyperbolie relation 
based on non-correlation, may be resolved. 

The situation appears still more complex when the 
high negative correlation with oxygen is considered, 
for this factor is negatively correlated with mean 
depth. The obvious meaning of the relationship, 
which presumably may be expected outside Connecti- 
eut, is that shallow stratified lakes with eutrophic 
oxygen curves tend to be populated by Chironomus 
and Chaoborus, and therefore to be more productive 
of total bottom fauna than other types. The impor- 
tance of oxygen may further be emphasized by inelud- 
ing it in a multiple correlation coefficient, and it is 
found that 
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Rp.edo = 0-664, and 
Rp.e’o = 0.692 


The effect of the nutritive content of the profundal 
ooze is less important than that of plankton and 
oxygen, as may be judged from the simple correlation 
coefficients. The reason for this result is not alto- 
gether clear, but presumably non-linear relationships 
between nutrient content and plankton play a part; 
such interrelationships cannot successfully be allowed 
for when the simple correlation coefficients are not 
statistically significant. It is not certain that the 
chemical analyses provide a fair index of nutrient 
content, and it is also possible that cultural modifica- 
tion of the chemical composition of the ooze has not 
yet been reflected in the quantity of bottom fauna. 
Inclusion of nitrogen and phosphorus in a multiple 
correlation coefficient is found to increase the numer- 
ical value of the latter, 

Rd.ednpo = 9-752, 
but the inerease is not significant, and it is well 
known that misleadingly high values of R may be 
obtained when the number of variables is large but 
the total number of observations is small. 

It is evident that the relation between the nutrient 
content of the detritus and the total crop of benthic 
organisms is not simple, linear, or of such great im- 
portance as the generalizations of Lundbeck suggest. 
This conelusion emerges from the consideration of a 
number of lakes, but it may be confirmed by ex- 
amination of the data from a single lake, Lake Sim- 
coe (Rawson, 1930, Table 16). In this lake, and no 
doubt in many lakes showing a vertical distribution 
of Type III, there is an inverse relation between the 
organic nitrogen of the ooze and weight of organisms 
at various depths. The simple correlation coefficient 
between bottom fauna and nitrogen at 26 stations is 
apparently significant, 


Thpn = —0.439, 


but the simple correlation with depth is also high and 
negative, 
r ba = -0.376, 


and the partial correlation coefficient between bottom 
fauna and nitrogen is no longer significant when 
depth is eliminated, 


I bn.d = —0.345 


These results go far toward explaining the lack of 
a significant correlation between the mean bottom 
fauna and the nitrogen or phosphorus content of the 
ooze in the deepest part of the profundal zone. 


Conclusions 


Analysis of the available data from Connecticut 
and other regions indicates that benthic productivity 
is the result of an exceedingly complex series of inter- 
related causes, the net effect of which is to relate it 
both to primary and to secondary typology. The 
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most important factors in Connecticut appear to be 
the amount of phytoplankton under unit area, the 
oxygen content of the water, and the mean depth; 
nutrient content of the ooze, at least that measured 
as organie nitrogen, loss on ignition, or total phos- 
phorus, plays a subordinate role. There still remains, 
however, a large undescribed residue. Much of this 
is no doubt the result of imperfections of the data, 
of which there are many, and an additional fraction 
must be due to the treatment of non-linear relations 
by an inadequate statistical technique. But it is also 
obvious that the analysis itself is incomplete, since it 
fails to take into account certain other variables for 
which no data are at hand. The total crop of lit- 
toral vegetation is perhaps the most important of 
these, but general limnological experience suggests 
that the number of variables under simultaneous ob- 
servation must be materially increased before a com- 
plete description of the causes of benthie productivity 
is possible. 


BIOLOGICAL EFFICIENCY OF THE Bottom FAUNA 


It has been shown that the standing crop of bot- 
tom fauna in Connecticut lakes is rather closely re- 
lated to the standing erop of phytoplankton, and this 
relation is in all probability a general one. The 
energy sources utilized by bottom organisms are di- 
verse, but they ean be classified as those of phyto- 
phagy, zoophagy, and coprophagy. The last must be 
neglected in the absence of adequate information about 
the zooplankton, but evidence is at hand by which 
the efficiency of phytophagy and zoophagy may be 
crudely assessed, at least in Linsley Pond. For this 
purpose the amount of the standing crop is irrelevant, 
and the rates of production of plankton and bottom 
fauna must be estimated. 


Lundbeck has estimated the annual production of 
important organisms in the Grosser Pléner See and 
other North German lakes on the basis of increases 
and decreases in numbers during short intervals of 
time. The method is ingenious, but the statistical 
reliability of the observations is open to question, 
and this weakness certainly destroys its usefulness in 
the case of Linsley Pond. It is therefore necessary 
to base the ealeulations on the length of the life 
cyeles of the organisms concerned. In Linsley Pond 
below a depth of 6 m. at least one species of Chiron- 
omus requires two years to attain maturity, while 
Chaoborus evidently produces a single generation each 
year; the other forms are quantitatively unimportant, 
and may be neglected. Since an undetermined fraec- 
tion of the bottom fauna is consumed by fishes, the 
annual production may be set at a value approxi- 
mately equal to the maximum standing crop. Lund- 
beck considers that in a single year a lake produces 
three times its standing crop of Chironomus, one- 
third of its crop of molluses, and twice its crop of 
other organisms, but the maximum standing erop has 
been ascertained in very few of the German lakes, 
and Lundbeck’s “Gesamimenge” is usually equivalent 
to the summer quantity. 
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The maximum crop of total bottom organisms in 
Linsley Pond amounts to 565 kg. per ha., or 5.65 mg. 
per sq. em. The average water content of a large 
number of bottom animals is 80 per cent (Juday, 
1921a; Rawson, 1930), but that of Chaoborus is 
higher, about 90 per cent, as shown both by Juday 
and the author. (The larvae were separated into size 
groups and weighed both “fresh” (in formalin) and 
after drying for two days at 60° C. There was no 
significant heterogony of water content between 5 
and 8 mm., and the mean dry weight was 11.3 per 
cent of the fresh weight.) Chaoborus makes up less 
than half the mean total crop of bottom fauna (see 
p- 420), but the other assumptions involved are 
too arbitrary to justify close figuring, and the dry 
weight may be regarded as constituting 15 per cent 
of the fresh weight; the annual production, therefore, 
amounts to .85 mg. dry weight per sq. em. 

The chemical composition of Chironomus and Chao- 
borus as determined by Juday (192la) may be com- 
bined with the calorifie factors given by Krogh and 
Lange (1932), to give the following energetie equiva- 
lents in gram-ealories per gram of dry weight: Chi- 
ronomus 5,034, Chaoborus 5,332, mean 5,180. The 
total energy bound as bottom fauna in Linsley Pond, 
therefore, amounts to 4.40 g.-ecal. per sq. em. per 
year. 


By his semi-experimental method of studying oxy- 
gen production by plankton Riley (1940) found the 
mean gross production of Linsley Pond to be equiva- 
lent to 0.62 mg. of glucose per sq. em. per week; one 
milligram of glucose represents the fixation of 3.75 
g.-eal., and the annual production of plankton there- 
fore represents 121 g.-eal. per sq. em. Setting 4.40 
over 121, the efficiency of production of bottom fauna 
is found to be 3.6 per cent. That this figure repre- 
sents a biological efficiency of a high order may be 
appreciated by comparison with the energetic ef- 
ficiency of Linsley Pond as a photosynthetic machine, 
0.056 per cent, or with that of the entire earth, 0.06 
per cent (Noddack, 1937). Hutchinson (unpub.), on 
the basis of determinations made by Riley (1939b, 
and unpub.) of the productivity of the sea, concludes 
that Noddack’s figure is a minimum estimate, and 
that the biochemical efficiency of the earth is prob- 
ably of the order of 0.3 per cent; figures cited by 
Krogh (1934) give a value of 0.25 per cent for a 
temperate forest (Riley, 1940) and the efficieney of 
cultivated land may be as high as 1.6 per cent (Tran- 
seau, 1926). 

The annual production of bottom fauna, as esti- 
mated for Linsley, is based almost entirely on Chi- 
ronomus and Chaoborus. Sinee the first is regarded as 
primarily phytophagous (if eoprophagy is neglected) 
and the second as a predator, calculations derived 
from their summation may be somewhat misleading, 
and it is probably fairer to treat the two forms sep- 
arately. The procedure is essentially the same as be- 
fore, but the annual production of Chironomus is 
taken as equal to half its maximum erop (or 2.07 mg. 
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fresh weight per sq. em.), the dry weight is assumed 
to be 20 per cent of the fresh weight, and the ener- 
getic equivalent used is 5,034 g.-eal. per g.; the an- 
nual production of Chaoborus is considered to equal 
its maximum crop (2.20 mg. fresh weight per sq. 
em.), a water content of 90 per cent is assumed, and 
the calorific value of 5,332 g.-cal. per g. is used. The 
efficiency of Chironomus is thus found to be 1.72 per _ 
cent, and this may be regarded as a erude estimate of 
the efficiency of phytophagy.2 Since Chaoborus is 
one stage removed from phytophagy, its zoophagous 
efficiency might be thought of as equal to 





/1.17 
Viz 


It should be realized, however, that this treatment 
implies that the efficiencies of first and second stages 
are equal, which is unreasonable, and which Linde- 
man (194la) has shown not to be true. Setting the 
first stage efficiency of Chaoborus equal to the prod- 
uct of the first stage efficiency of Chironomus and the 
second stage efficiency of Chaoborus thus: 
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gives a value for X, 56.3 per cent, which is clearly 
too high, since it implies that Chaoborus eats Chi- 
ronomus, which must be at best only partly true. The 
efficiency of predation by Chaoborus, therefore, may 
be estimated as follows: 


Annual production of Chironomus 2.08 g.-cal. per em? 
Annual production of Chaoborus 1.17 


3.25 
3.25 ‘7. 11 
mo ee 
X = 0.361 = 36.1 per cent 


~ 








The defects of the data and the arbitrary nature of 
the necessary assumptions force one to regard these 
results as merely giving the order of magnitude of 
the efficiencies involved. The estimate of the annual 
production of bottom fauna is a conservative one, and 
if full allowance were made for predation by fishes, 
or for the more rapid life eyeles in shallow lakes, the 
values would no doubt be considerably higher; on the 
other hand, an error in the other direction is incurred 
by the omission of other available sourees of energy, 
notably the supply of detritus from rooted vegetation. 
It is clear, therefore, that the least efficient proc- 
ess in limnetic metabolism is the primary one, the 
photosynthetic fixation of carbon by phytoplankton, 
and that the higher members of the food chains uti- 
lize their limited supply of energy much more suc- 
cessfully. 

2 Lindeman, in a personal communication, correctly points 
out that the efficiency of Chironomus is not strictly speaking 
that of “primary phytophagy,” but of what he (1941a) has 
called ‘‘ooze browsing.” Even though the food supply of 
Chironomus includes feces, dead zooplankton, protozoa, bacteria, 
etc., it is clear that its consumption is more nearly “primary” 
than that of Chaoborus. According to Lindeman, the efficiency 
of primary consumption in Cedar Bog Lake, Minnesota, averages 


11.1 per cent, and that of secondary consumption averages 
18.5 per cent. 
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THE Bottom FauNA-PLANKTON RATIO 


Although the annual production of bottom fauna 
could be estimated for many lakes with reasonable 
accuracy, the lack of comparable estimates for the 
plankton makes it profitless to do so at present; the 
ratio of the mean standing crops ean be readily com- 
puted in a few eases, however, and the results are 
not without interest. They are shown in Table 4. 


TABLE 4. Bottom Fauna and Plankton Data for Sev- 
eral Lakes of Various Depths. 
Plankton 
Mean Mg. dry Bottom Fauna 
Depth organic matter Mg. dry weight Ratio 
Lake m. per. sq. cm. persq.cm. Percent 
Linsley 6.7 1.96 022 26.6 
Quassapaug 8.7 1.01 -149 14.8 
Simeoe 17.0 62 12 19.4 
Green 12.1 2.70 27 10.0 
Mendota 33.1 2.40 o2 21.6 


The dry weight of the bottom fauna has been esti- 
mated for the Connecticut lakes by assuming a water 
content of 85 per cent for Linsley and 80 per eent 
for Quassapaug. The figure for the plankton con- 
tent of Lake Simeoe is less reliable than the others 
since it is caleulated from the net plankton by means 
of factors derived from Wisconsin work; the Con- 
necticut data were obtained by membrane filtration, 
and the Wiseonsin data by centrifuging. 

In default of more extensive evidence Linsley Pond 
and Lake Mendota may be taken as representative of 
shallow, morphometrically eutrophic lakes, while Lake 
Quassapaug and Green Lake are morphometrically 
more oligotrophic, the latter especially so. In fun- 
damental typology, however, Linsley and Quassapaug 
are not widely different, and Green Lake and Lake 
Mendota are very much alike. It therefore appears 
significant that the bottom fauna-plankton ratio is 
approximately twice as great in the shallow member 
of each pair. Lake Simcoe appears to be intermedi- 
ate between the members of each pair whether com- 
parison is made on the basis of dry weight, as in 
Table 4, or on the basis of organie nitrogen content, 
giving a value of 12.9 per cent for the ratio. 

In the Wisconsin lakes this relationship might 
plausibly be attributed to the difference in mean 
depth, the longer vertical column of Green Lake giv- 
ing greater opportunity for regeneration in the open 
water and thus depriving the bottom fauna of much 
of its food supply; the small difference in mean 
depth between Linsley Pond and Lake Quassapaug, 
however, indicates that this cannot be the complete 
explanation. Lake Quassapaug is known to differ 
strikingly from Linsley Pond in having a much 
larger fraction of its plankton composed of animals, 
the phytoplankton-zooplankton ratio probably being 
about 1 to 1; regeneration in the open water pre- 
sumably is much more nearly complete, and the stand- 
ing crop of bottom fauna is reduced. These results 
are suggestive, although far from definitive, and 
adumbrate one possible form for the relation between 
benthie productivity and apparent typology. 
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BOTTOM FAUNA AND LAKE TYPOLOGY 
CRITICISM OF PREVIOUS CLASSIFICATIONS 


The development of typological schemes based on 
the composition of the bottom fauna has necessarily 
been gradual, but this is not the place for a historical 
survey of the subject, since able reviews may be found 
in the works of Lundbeck (1926, 1936), and Lenz 
(1925, 1928). For present purposes it will be suffi- 
cient to describe the system whose widest application 
is found in Germany, together with the important 
modifications suggested by recent authors working in 
other regions, and to point out certain weaknesses 
which appear to be especially serious. 

The modern German classification, as presented by 
Lundbeck, is a synthesis of the results of Thienemann 
(especially 1913, 1917, 1920, 1922, 1922a), Lenz, and 
Lundbeck (1926, 1936). Seven principal faunistie 
steps (Stufen) are recognized in the supposed transi- 
tion from oligotrophy to eutrophy, as follows: 


(Lundbeck, 1936, p. 315) 
I. Oligotrophic 
a. Orthoeladius 
b. Tanytarsus 
I/II. Mesotrophie 
a. Stictochironomus 
b. Sergentia 
I 


. Eutrophic 
a. Bathophilus 
b. Bathophilus-Plumosus 
ce. Plumosus 


These steps are believed to reflect differences in the 
oxygen content of the hypolimnion; the importance 
of the composition of the bottom deposits is appre- 
ciated, however, and three principal series (Reihen) 
are defined with respect to humus content, namely 
oligohumus, mesohumus, and polyhumus lakes. The- 
oretically, according to Lundbeck, most or all of the 
steps may take place within each of the series, so 
that nine types and many sub-types should eventually 
be found. In practice, however, a full complement 
of steps appears to oceur only within the oligohumus 
lakes of Series A, both in North Germany and in the 
Alps, and eriticisms have been offered by Decksbach 
(1929) and Lastockin (1931) from the vantagepoint 
of their researches on mesohumus and polyhumus 
lakes. The latter are of little interest in the present 
discussion, but attention should be called to two 
major defects which limit the usefulness of the Ger- 
man system: 

1. The assignment of lakes to the three series is 
wholly unsupported by objective data, and the criteria 
of humus content are as yet unpublished. As a re- 
sult, serious and incompletely recognized disagree- 
ment may be found among workers in Fennoseandia, 
Russia, and Germany as to the existence and degree 
of dystrophy. 

2. Since the faunistie steps admittedly correspond 
to the form of the oxygen curve, they may, and in 
typical cases do, reflect the apparent rather than the 
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real typology. Cognizanee of this diffieulty was taken 
by Thienemann (1926, 1928), and by Lundbeck 
(1934), but failure to consider the two possible sorts 
of “oligotrophy” or “eutrophy” mars not only the 
publications of other investigators, such as Valle, 
Jirnefelt, Decksbach, Miyadi, and Rawson, but that 
of Lundbeck himself in 1936. 

Other classifications not based entirely on Chiro- 
nomidae have been proposed. Alm (1922) classified 
Swedish lakes as those dominated by (Chironomus) 
plumosus, oligochaetes, Tanypus, Chaoborus, amphi- 
pods, and Otomesostoma. This system ean rather 
easily be merged with the above; the oligochaete 
lakes (Viner, Mialaren) appear to be polluted, and 
the latter is meromictic, being a land-locked fjord; the 
Tanypus and Chaoborus lakes are clearly dystrophic; 
the amphipod lake (Vitter), is in reality a Tanytarsus 
lake (Ekman, 1915), and the Otomesostoma lakes ap- 
pear to be equivalent either to the Orthoeladius Hoch- 
gebirgsseen of Switzerland (Schmassman, 1924) or to 
the Stictochironomus mountain 
(Lenz, 1925). 

The arrangement of Finnish lakes devised by Valle 
(1927) is more complex, since an attempt is made to 
distinguish animal associations characteristic of each 
lake. The result of this method is to multiply un- 
necessarily the number of recognized types, of 
which eleven are found in a group of eighteen lakes. 
Although it may be granted that nature resists 
procrustean attempts at classification, and that the 
generally shallow lakes of Finland are remarkably 
diversified in respect to bottom fauna, Valle’s system 
evidently errs in being insufficiently synthetic, and 
zoogeographie difficulties preclude its application out- 
side Finland; Lang (1931), impressed by these and 
other objections, in fact believes that any zoological 
classification is premature. It should, moreover, be 
pointed out that most of the species or genera re- 
garded as typological indicators by Valle, e.g., Tubi- 
fex, Lumbriculus, Pisidium, Chaoborus, and Sialis, 
are much inferior to the subfamilies of Chironomidae 
for this purpose, as limnologieal experience has al- 
most universally shown them to be highly eurytopie. 

The typological scheme put forward by Miyadi 
(1933g) for Japanese lakes is rather similar to that 
of Lundbeck for Series A; the principal differences 
are: (1) Chironomus bathophilus is largely absent, 
(2) Endoechironomus replaces Stictochironomus and 
Sergentia as an indicator of “mesotrophy,” and (3) 
very shallow “Mollusea lakes” and very deep “Oligo- 
chaeta lakes” are recognized as distinet, as are 
“Corethra lakes” which resemble those of North 
America more closely than those of Europe. Of 
greater interest is a particularly striking example of 
the importance of apparent typology: (4) Mivyadi’s 
“oligotrophic Plumosus lakes” are poor in nitrogen 
and phosphorus, but their shallowness imposes a 
eutrophic form upon the oxygen eurve. Such lakes 
also appear to be rich in iron, the significance of 
which will be discussed in the next section. 

It will be observed that in the preceding remarks 


lakes of Norway 
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attention has been primarily directed to the harmonic 
series of lakes; this convention will be maintained in 
the following sections, not because dystrophy, alkali- 
trophy, acidotrophy, and other forms of disharmony 
(Thienemann 1931) are inherently less interesting, 
but because much less is known of the bottom fauna 
of these lake types, and because with a few doubtful 
exceptions they are not represented among the Con- - 
necticut lakes hitherto investigated. 


ARRANGEMENT OF CONNECTICUT LAKES 


The classification of Connecticut lakes from the 
standpoint of their bottom fauna has been foreshad- 
owed in an earlier section; recapitulated, it is as 
follows: 

Chironomus lakes 

‘“Mesotrophie Chironomus’’ lakes 
Tanytarsus lakes 

Trissocladius lakes 

Unstratified lakes 


Before any of the categories is designated “oligotro- 
phie,” “mesotrophic,” or “eutrophic,” one important 
relationship between faunal type and physico-chemical 
limnology remains to be described, although a pre- 
liminary notice has already appeared (Hutchinson, 
Deevey, and Wollack, 1939). 

Examination of Figures 4 to 26 reveals that al- 
though, as in Europe, the correlation between a 
Chironomus fauna and a eutrophie oxygen curve is 
close, it is not perfect, and it may be particularly 
noted that Job’s Pond, a Chironomus lake (Fig. 9) 
has considerably more oxygen in the hypolimnion in 
summer than does Lake Quassapaug, a Tanytarsus 
lake (Fig. 23). Early recognition of the fact that 
Job’s Pond is rich in iron, together with Miyadi’s 
discovery of “oligotrophic Plumosus lakes” led to. an 
investigation of the oxidation-reduction potential of 
certain critical lakes, the results of whieh are set out 
in full in Table 5. Values for the potential are 
referred to the standard hydrogen electrode, and re- 
caleulated to pH 5 (Pearsall, 1938). 

The data indieate a very considerable variation in 
the redox potential of the lower water, with which is 
associated a similar variation in the content of fer- 
rous iron; in only one ease, that of Queechy Lake, is 
a low value of the potential found together with a 
low ferrous iron content, suggesting another poising 
system than the ferrous-ferric. This disecrepaney, 
which was confirmed in 1939, remains obscure, since 
neither hydrogen sulfide (0.06 mg. per 1. at 12 m. 
on September 4, 1939) nor total manganese is present 
in sufficient quantity to account for the low potential. 
(It is doubtful that so low a potential could ever 
result from a manganous-manganie system under nat- 
ural conditions.) Although the potential is consid- 
ered to give a measure of the content of reducing 
substances in the water, when one hypovalent ion is 
present in excess of others, as the ferrous ion is 
present in excess of the manganous, the values ob- 
tained are those characteristic of the dominant system 
(Michaelis, 1930). 
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TABLE 5. Oxidation-Reduction Potential at pH 5 (E,;) in Volts, Ferrous Iron and Total Manganese in Milli- 
grams per Liter for Various Lakes. 





Linsley Pond | Job’s Pond 
S»ptember 16, 1938 October 4, 1938 


| Queechy Lake 
August 13, 1939 


Queechy Lake 
October 9, 1938 


Queechy Lake 
September 4, 1939 

























































































“Depth Es | Fe” Mn Depth ‘e”’ Mn Depth Es Fe”’ Mn Depth | E; | Fe” Depth Es Fe”’ 
0 .607 05 0m Om| .607 Rx, Om| .751 Om| .735 
2 .621 | 0 8 ; . | S tei. 7D (@ @ | 7% | 0 4 -746 
5 .627 -12 10 .596 0 9 -601 0 ‘ ; 8 | .716 | .O1 6 .718 tr 
7 .514 | 1.20 | 1.10 11 . 566 .024 10 .605 0 .20 10 | .691 | .005 8 | .667 tr 
9 -436 | 2.20 | 2.40 12 .573 .08 -62 11 - 594 0 -80 i3¢ .05 10 | .627 tr 
11 .348 | 4.00 | 2.70 13 -440 1.92 | 1.50 12 | .600 | .16 .60 | .10 ll |} .612 .044 
| | j 
13 .303 | 4.80 | 2.80 14 .335 | 5.76 | 1.74 12.6 .279 -40 | 1.80 12 .193 .42 
Mt. Tom Pond Highland Lake Wononscopomuc Lake Wononscopomuc Lake Ball Pond 
September 30, 1938 October 7, 1938 October 10, 1938 October 19, 1938 August 9, 1939 
Depth Es | ‘e’’ Mn Depth Es | Fe” Mn Depth Es Fe”’ Mn | Depth | Es | Fe” | Depth! Es ‘e”’ 
Om| .572 tr Om| .592 | Om | .573 0 O | .622 | Om | .602 
7 .585 | 8 .589 | 10 . 584 .02 0 12 |} .656 | 7 .538 .22 
8 578 .40 12 .566 | .045 15 -585 | .02 15 | .608 } 9 .449 | 2.10 
9 .462 } 2.20 15 -566 | .32 20 .581 .02 0 20 .607 12 -412 | 3.52 
11 373 3.30 16 .560 | .27 ; 25 .561 .08 125 25 .627 14 .308 | 4.24 
13 .364 | 3.20 .80 17 .467 1.34 .60 26.5 | .561 .07 27 -590 | 
18.5 .439 1.53 .60 *27 .296 |11.50 12 30.5 .558 | 
East Twin Lake Lake Quassapaug Glenida Lake 
October 19, 1938 October 3, 1938 August 9, 1939 
Depth Es Fe”’ Mn Depth Es Fe” Mn Depth E: Fe” 
Om| .687 Om| .578 05 Om| .633} .... 
12 .675 9 .580 15 |} .609 | .032 
15 .638 12 541 .08 ; 20 .613 .10 
18 .616 15 .539 -16 | .30 25 -596 | .20 
20 .611 17 | .524| .26| .37 30 615 15 
21 .616 18 .518 .70 .40 
22.5 .570 19 .503 .60 -42 
19.5 -510 | .24 -42 





* - Contact water. tr - trace. 


The fact that the values of the potential given in 
Table 5 are in general higher than those of Pearsail 
and Mortimer (1939), and resemble those found in 
sea water by Cooper (1938), may be largely due to 
technical differences in the potentiometers employed. 
It is perhaps worth recording that in the present 
instance the platinum electrode was flushed with di- 
lute nitrie acid and washed thoroughly after every 
exposure to strongly reduced. waters. 

The relative concentrations of iron and manganese 
require comment in passing, since they provide con- 
firmation of the work of Einsele (1940); it may be 
observed that in every complete or reasonably com- 
plete vertical profile manganese begins to rise at 
higher levels than does iron (Linsley, Sept. 16, °338; 
Queechy, Oct. 9, 38; Wononscopomue, Oct. 10, *38; 
Quassapaug, Oct. 3, 38; Job’s, Oct. 4, ’38), but that 
the vertical gradient of the former is less steep. This 
fact is attributed by Einsele to the greater reducibil- 
ity of manganese under conditions of moderate 
stagnation. 

Extension of the observations of redox potential 
promises to yield important information bearing on 
many of the central problems of chemical limnology, 
as the investigations of Einsele (1936, 1938), Huteh- 
inson (1941) and Pearsall and Mortimer (1939) sug- 
gest; full diseussion of such questions as the relation 
of iron and manganese to the phosphorus metabolism 
and bacteriology of lakes would lead too far afield, 
however, and it is sufficient for the present merely 
to draw attention to the great descriptive value of 


the observations. In Figures 43, 44, and 45 the redox 
curves are presented for five Chironomus lakes, four 
“mesotrophic Chironomus” lakes, and one Tanytarsus 
lake; when presented in this form the facts are self- 
evident, and the superiority of the measurements over 
the determination of oxygen alone is obvious. Un- 
fortunately it is not possible to distinguish Tanytarsus 
from “mesotrophic Chironomus” lakes when the Ej, 
values are referred to a standard pH, and the ex- 
tremely close general similarity of the two lake types 
suggests that within the regionally uniform Connee- 
ticut lake district these have become separated largely 
by accident. A truly intermediate condition is shown, 
however, by Highland Lake, which strictly speaking is 
an Endochironomus lake. 
POTENTIAL (Es) 

















i 2 3 4 $s 6 } 
rT T T T T T T T T ' tT ' 
s+ 
= 
- 
— 
wio- 
eo 4 
] ———— 
oe 
's : 
Fig. 43. Oxidation-reduction potentials adjusted to 
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pH 5 (‘‘E,’’) for Chironomus lakes. 1, Job’s Pond, 
October 4, 1938. 2, Queechy Lake, September 4, 1939. 
3, Queechy Lake, October 9, 1938. 4, Ball Pond, Au- 
gust 9, 1939. 5, Mt. Tom Pond, September 30, 1938. 
6, Linsley Pond, September 16, 1938. 
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Fig. 44. Oxidation-reduction potentials adjusted to 
pH 5 (‘‘B;’’) for ‘‘mesotrophie Chironomus’’ lakes. 
1, Wononscopomue Lake, October 10, 1938. 2, Wonon- 
scopomue Lake, October 19, 1938. 3, East Twin Lake, 
October 19, 1938. 4, Glenida Lake, August 9, 1939. 5, 
Highland Lake, October 7, 1938. 


The close relation between the value of the poten- 
tial in hypolimnetie waters and the concentration of 
ferrous iron, together with the virtually complete in- 
solubility of ferric iron under natural conditions, 
makes it possible to augment the available informa- 
tion by inclusion of lakes for which only total iron 
data are at hand (Table 6). Thus Long Pond, West 
Hill Lake, Rogers Lake, and Shenipsit Lakes certainly 
would not be considered Chironomus lakes on the 
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Fig. 45. Oxidation-reduction potentials adjusted to 
pH 5 (‘‘E,;’’) for Lake Quassapaug, a Tanytarsus lake, 
October 3, 1938. 


basis of their iron curves, although it again proves 
impossible to separate “mesotrophic Chironomus” 
lakes from Tanytarsus lakes by this criterion alone. 
The three Chironomus lakes, Gardner, Crystal, and 
Candlewood, do not agree well with the others, but 
they are atypical in other ways as well. 

As pointed out in the preliminary communication, 
the redox potential has descriptive value only in so 
far as reducing conditions in the bottom deposits 
affect the open water (within 0.4 m. above the mud 
surface), and the results obtained throw little light 
on the ecology of the organisms themselves. The ex- 
tremely low potential of the contact water from 27 m. 
in Wononscopomue Lake, which has been shown by 
analysis to be due to the high iron content of the 


TABLE 6. Total Iron and Total Manganese in Milligrams per Liter for Various Lakes. 





Ball Pond | 
September 6, 1938 


Queechy Lake 
September 1, 1938 


Mt. Tom Pond 
August 26, 1938 


Highland Lake 
September 8, 1938 


Gardner Lake 
July 27, 1938 
































Depth | Fe | Mn | Depth | Fe | Mn | Depth | Fe. |. Me Depth | Fe Mn Depth Fe Mn 
Om .025 | -12 | Om 12 | re Om|_ .125 | 0 Om] .025 tr 0 .10 
12 rae aa 1.20 | | 32 | .80 60 | 17.5] .70 -80 13 .56 eae 
East Twin Lake East Twin Lake Crystal Lake Candlewood Lake West Hill Lake 
July 11, 1938 September 1, 1938 August 12, 1938 August 17, 1938 September 8, 1938 
Depth | Fe | Mn _ | Depth | Fe | Mn_| Depth Fe | Mn _| Depth | Fe Mn_| Depth Fe Mn 
Om 15 ice a Om Sees Om .025 Sane Om } .175 Sava Om .025 
>) a]. | OG Sale PY oo ae ae 25. | .85 15.5 | .030 
a ee oH 
19.5] .145 | | | 











Long Pond 
July 3, 1938 


Shenipsit Lake 
} July 20, 1939 


Rogers Lake 
July 28, 1939 


Pataguanset Lake 
June 23, 1938 


Lake Pocotopaug 
September 19, 1938 





























Depth | Fe | Mn Depth Fe Mn Depth | Fe Mn Depth Fe Mn Depth *Fe”’ Mn 
0 ) 05 ay Om 0 vee Om 05 ba Om| .31 oer Om .03 tr 
5 |} .095 me ae 15 -05 Bere 15 -17 ee 9.5 48 Sate 6 -05 
18 -10 es 17 -05 ee 17 -17 sae 8 09 

20.5 .60 : 18.5 .30 ha 19 .37 Kats 9 .20 mikes 
10.5 6.00 1.80 
Hayward Lake Terramuggus Lake Great Falls Reservoir 
July 28, 1938 July 28, 1938 June 28, 1938 
Depth Fe Mn Depth Fe Mn Depth Fe Mn 
Om -05 ah Sa Om -06 ae Om -095 
10.5 2.72 5 eral 10.5 2.40 ed hax 8 .60 



































* - Note: Pocotopaug values are for ferrous iron. 
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ooze, is an illustration of this important proviso, and 
similar examples are given by Pearsall and Mortimer. 

The position of the Trissocladius lakes in the typo- 
logical arrangement is somewhat obscure; the facts 
that they are all shallow, low in phytoplankton, and 
lacking in a typical hypolimnion suggest that they 
are shallow representatives of either the Tanytarsus 
or the “mesotrophic Chironomus” type, and it may 
be noted that Trissocladius is not often present in 
large numbers, but merely dominates a qualitatively 
rich but quantitatively poor fauna. The high values 
for total or ferrous iron found in three of these lakes 
(Poeotopaug, Hayward, and Terramuggus) indicates, 
however, that such an explanation is at best incom- 
plete. It is probable that the Trissocladius lakes 
should instead be grouped with the unstratified lakes 
on the grounds that their profundal zone is too poorly 
developed to provide adequate evidence for typolog- 
ical characterization. 


DISCUSSION 


It has previously been shown (Deevey, 1940) that 
Connecticut is regionally mesotrophie from the stand- 
point of the increment in the oxygen deficit, although 
Linsley Pond, the only stratified lake yet investigated 
in the central Lowland, appears to transcend the 
lower regional limits of eutrophy. The typological 
implications of this characterization, in so far as it 
bears upon the qualitative arrangement of lakes on 
the basis of their bottom fauna, may now be econsid- 
ered. 

1. The classification of lakes into Chironomus, 
“mesotrophie Chironomus,” and Tanytarsus lakes in 
general reflects differences in morphometry, or ap- 
parent typology, with the important qualification that 
the presence of considerable amounts of iron intro- 
duces a sort of “sidero-eutrophy” in morphometric- 
ally eutrophic lakes. The degree of sidero-eutrophy 
in eritical eases exercises a more significant role in 
the determination of the profundal chironomid than 
does the apparent typology as measured by the form 
of the oxygen curve alone. This latter condition is 
perhaps only to be expected in a truly mesotrophic 
region. 

2. Benthie productivity is of little importance as 
a typological criterion, since it is related in a com- 
plicated way both to real typology (the rate of 
production of plankton under unit area) and to 
morphometry (the length of the vertical column 
which may, at least occasionally, be filled with plank- 
ton; the form of the oxygen eurve). 

These conclusions can be extended to the known 
harmonic lakes of the North Temperate Zone only 
by making certain arbitrary assumptions as to the 
fundamental eutrophy or oligotrophy of a given re- 
gion, with the assistance of the caleulations of Hutch- 
inson (1938a), and by setting morphometric limits 
which are flexible and by no means free from sub- 
jeetivity. It is also necessary to omit from consid- 
eration many lakes, such as those of Finland, whose 
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regional characters cannot satisfactorily be judged. 
The author’s conclusions have been embodied in a 
table (Table 7), in extenuation of which it ean only 
be pleaded that its virtues exceed its defects, and 
that it is intended merely as a target for criticism 
by future workers. 











TABLE 7. Classification of Harmonie Lakes. 
| 
MoRPHOMETRICALLY 
' i Ti Saran y mae 
Oligotrophic Mesotrophic Eutrophic 
|Oligotrophic |Orthocladius Stictochironomus | None 


Switzerland!| Norway2 | 








Orthocladius |Tanytarsus |Chironomus, esp. 


Bodensee3 Quassapaug lbathoph ilus 
George* | Schleinsee3 
|**Mesotrophic Mt. Tom 
Tanytarsus |Chironomus” Linsley 


Mesotrophic Eifelmaare5 East Twin 
Sergentia 


Alps’ 


Endochironomus 
Highland 
Japan® | 


REGIONALLY 


Chironomus, esp. |Chironomus, esp. 
bathophilus 
Grosser Pléner 
See® 


Tanytarsus 
| plumosus 
Mendota! ! 
North 
Germany ® 
(Not Japan or 
Sweden) 


Green? 


Eutrophic Paul8 (?) 


Esrom!° 





1Schmassman, 1924. 

2Lenz, 1928. 

3Lundbeck, 1936. 

‘Needham, Juday, et. al., 1922 
with unpublished obs-_rva- 
tions by the authcr, 1957. 

5Thienemann, 1917. 


6 Miyadi, 1933g. 

7Juday, 1924. 

SRawson, 1934. 

®Lundbeck, 1926. 

10Berg, 1938. 

11Juday, 1921a; C. tentans is a ‘“‘plu- 
mosus type.” 


The table has been devised especially to give due 
weight to the obvious importance of morphometric 
typology, and in spite of numerous deficiencies, the 
most glaring of which are due to the lack of informa- 
tion about the Alpendrandseen, this must be regarded 
as its chief advantage. It is particularly to be noted 
that no fundamentally oligotrophic lakes yet known 
are so shallow as to be morphometrically eutrophie, 
and it is possible that such lakes will be found only 
at high altitudes, where low atmospheric pressures 
find significant limnological expression (Hutchinson, 
1937). On the other hand, it is improbable that lakes 
fundamentally more eutrophic than Green Lake and 
vet inhabited by Orthocladius exist. Within the 
regionally mesotrophic series Chironomus plumosus 
lakes must be relatively rare, since the position of 
Lake Simcoe is obseure, and since most of the Plu- 
mosus lakes of Japan are extremely shallow; the 
characterization of the Orthocladius Alpenrandseen 
and of Lake George is also open to question, and it 
is likely that the Connecticut lakes, with their limited 
variation from Tanytarsus through Chironomus 
bathophilus, exhibit the normal range for lakes of 
this sort. 
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SUMMARY 


The results of a reconnaissance survey of the bot- 
tom fauna of 36 Connecticut and New York lakes are 
presented; the data include both numbers of animals 
and “fresh” (formalin) weights. A relatively small 
number of single samples taken in each lake is found 
to be statistically adequate for most purposes. Brief 
deseriptions of the general limnology and bottom 
fauna are given for each of the stratified lakes, and 
the lakes are qualitatively divided into the following 
groups: (1) Chironomus lakes, having in general eu- 
trophie oxygen curves and characterized by Chiron- 
omus (bathophilus) larvae with two pairs of ventral 
blood gills; (2) “mesotrophic Chironomus” lakes with 
mesotrophic oxygen curves and Chironomus larvae 
lacking ventral blood gills; (3) Tanytarsus lakes, with 
mesotrophic oxygen curves; (4) Trissocladius lakes, 
stratified but shallow highland lakes whose typolog- 
ical position is uncertain; and (5) unstratified, fau- 
nistically and limnologieally diverse lakes. 

Seasonal changes in quantity and composition of 
the bottom fauna are diseussed on the basis of twelve 
series of observations made over a period of fourteen 
months on Linsley Pond. The annual minimum of 
abundance was observed in September, when the mean 
weight of total organisms was 121 kg. per ha., and 
the maximum was found in the winter and spring; 
the greatest mean weight observed was 565 kg. per 
ha. in April. The data for the frequency distribution 
of size, when taken in conjunction with the numbers 
and weights, indicate a two-year life-eyele for at 
least one of the Chironomus species, and a one-year 
life-cyele for Chaoborus. Although marked seasonal 
changes in vertical distribution occur, no evidence of 
a shoreward migration in spring was found except 
in the ease of the rhabdocoel Phaenocora. The 
anaerobic propensities of the profundal bottom fauna 
are discussed, and it is pointed out that long-term 
anaerobiosis is unnecessary in Connecticut lakes. 

Three principal types of vertical distribution of 
bottom fauna are recognized in Conneetieut lakes 
(Fig. 40); Type I, corresponding roughly to Lund- 
beck’s “oligotrophic” curve, is found in typologieally 
diverse lakes; Type III, resembling the “eutrophic” 
curve, is more closely restricted to lakes having a 
eutrophic oxygen curve, and owes its character chiefly 
to the distribution of chironomids. Type ITI resembles 
Lundbeck’s “mesotrophic” type, but in Connecticut 
appears to be equivocal, representing either a variant 
of Type I or a displacement of the maximum in Type 
ITI to form the “concentration zone” of Eggleton. A 
survey of the available information indicates that 
many lakes in other parts of the world conform to 
Types I or III, and an attempt is made to provide a 
theoretical basis for these distributions. 

When histograms showing the frequency distribu- 
tions of benthic productivity in the lakes of several 
regions, namely the Alps, North Germany, Russia, 
Sweden, Norway, Finland, and Connecticut are com- 
pared (Fig. 41) it is seen that the range of values 
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for any region is extraordinarily great, and regional 
limnological differences are not conspicuous. On the 
other hand, morphometric typology does not play the 
determining role, since the pseudo-hyperbolie relation 
between benthic productivity and mean depth in vari- 
ous lakes appears to be based on non-correlation 
among diverse bodies of data. That the relation be- 
tween lake typology and the quantity of bottom fauna. 
may be very complex is indicated by statistical analy- 
sis of the Connecticut data; significant positive corre- 
lations are found between the standing crop of bot- 
tom fauna and the standing crop of plankton, as 
measured by chlorophyll analyses, as well as between 
bottom fauna and mean depth. A negative correla- 
tion, however, exists between bottom fauna and the 
mean hypolimnetie oxygen content. As the first of 
these independent variables is related to primary 
typology, while the other two are expressions of mor- 
phometrie typology, both groups of factors are 
evidently involved, and in consequence no general 
statement of the relationship applicable to all lakes 
ean be made. No significant correlation is found be- 
tween the crop of bottom fauna and nutrient content 
of the ooze, as measured by organic matter, organic 
nitrogen, or total phosphorus, but this circumstance 
is attributed to defects in the data. 


By making reasonable assumptions of the annual 
production of bottom fauna below a depth of 6 meters 
in Linsley Pond, and by using Riley’s estimates of the 
plankton productivity of the same lake, the biological 
efficiency of the benthos is caleulated. The efficiency 
of production of Chironomus, which is regarded as a 
crude estimate of the efficiency of phytophagy, is 
found to be 1.72 per cent, and that of Chaoborus, a 
typical predator, is at least 9.84 per cent and may 
be as great as 36.1 per cent. These figures, which 
give merely the order of magnitude, indicate clearly 
that the “higher” processes in limnetie metabolism 
are vastly more efficient than the primary one, the 
photosynthetic fixation of carbon by phytoplankton. 

Typological classifications based on the composition 
of the bottom fauna put forward by other authors 
are discussed, and that of Lundbeck, although the 
most widely accepted, is found to be notably defective 
in that it fails to recognize the distinction between 
primary, or edaphie typology, and secondary, or 
morphometric typology. Attempts to remedy this 
omission are hampered by lack of information about 
most of the lake districts of the world, but a tentative 
scheme is nevertheless embodied in Table 7. The Con- 
necticut lakes are regarded as regionally mesotrophic; 
morphometrically mesotrophic examples among them 
are inhabited either by Tanytarsus or by “mesotrophic 
Chironomus,” while the morphometrically eutrophic 
lakes are characterized by Chironomus (bathophilus ). 
It is noted that the presence of considerable amounts 
of iron in these lakes not only poises the oxidation- 
reduction system of the lake waters, but leads to 
“sidero-eutrophy,” the degree of which is of more 
critical importance in determining the profundal 
chironomid than is the form of the oxygen eurve. 
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INTRODUCTION! 


The Tettigoniidae play an important role from 
season to season and year to year in the orthopteran 
faunal picture as it is staged in Texas. 

In northeentral Texas (Isely, 1935, 1937) the cam- 
pestrian performance on upland hills and prairies, as 
far as adult players are concerned, opens in mid- 
May and reaches its climax by mid-June, with five 
species of the Phaneropterinae and two Decticinae 
playing the leading parts. A mixed vegetation cover 
of spring and early summer flowering plants, tall 
grasses, and frequently low woody shrubs afford pro- 
tection and food for these May-June tettigonids in 
their present isolated, optimum, remnant habitats. 
Rough to rolling topography, thin soils, and over- 
grazing have made possible the invasion and mainte- 
nance of the weedy flowering plants, whose floral 
parts furnish the necessary host-plant menu for the 
breeding Phaneropterinae, and a parade ground for 
the nocturnal activities of the phanerops, as well as 
the prowling, plundering, predaceous Decticinae. 

By midsummer on account of seasonal changes the 
major tettigonid activities shift from the open up- 
land prairies to timber margins, moist woods, tree 
tops, grassy sloughs, grassy flats, and lake margins. 
Species of the midsummer Phaneropterinae, Pseudo- 
phyllinae, Copiphorinae, Conocephalinae, and Dee- 
ticinae, now largely replace the early season Phan- 
eropterinae and Decticinae. In August and Septem- 
ber the musie of the tettigonid instrumentalists is to 
be heard mostly though not exclusively in moist en- 
virons. 

The present paper is concerned primarily with the 
Tettigoniidae of northeentral Texas. The first part 
describes field observation of seven of the late spring 
and early summer species, and experimental studies 
carried on in the writer’s home-garden-laboratory 
chiefly during the summer of 1937 simultaneously 
with his acridian researches already published (1938, 
1938a). Pictures of cages, inseectary, and garden- 
laboratory are shown and described in Isely, 1938a. 
Methods of handling experimental specimens (Acrid- 
idae) are also given. The second part is a summary 
of field notes and records of ten years (1931-41) of 
continuous field checking of the Tettigoniidae of 
Texas, chiefly in the northeentral section, but also in 
eastern, western, and southwestern Texas. The field 
records relate to seasonal succession, habits, local and 
regional distribution. 

I was fortunate in having the assistance in field 
and laboratory work of my wife, Mary N. Isely, and 
three technical assistants: Mary Ellen Douglas, Gor- 
don Tucker, and Doyle Cole. I am greatly indebted 
to Morgan Hebard and H. R. Roberts of the Acad- 

1The experimental work which was carried on during the 
summer of 1937 was part of a series of orthopteran researches 


which were made possible by a grant from the Penrose Fund 
of the American Philosophical Society. 
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emy of Natural Sciences of Philadelphia for taxo- 
nomic help, to Ruth Maxwell Sanders of the South- 
western Biological Supply Company for the drawings 


of Figs. 2 and 3; to Dr. Gordon Alexander, Professor: 


of Biology of the University of Colorado, and Dr. 
Eleanor B. Scott, Professor of English, of Trinity 
University for reading the manuscript, and to Ches- 
ter MeShan for typing the manuscript. 

The Tettigoniidae have received deserved attention 
from American orthopterists. Breeding and egg lay- 
ing habits of the eastern katydids have been studied 
by Riley, Hancock, Fulton, Urquhart, Metealf and 
Colby. The life histories of the “Mormon Cricket,” 
Anabrus, and allied crickets have been extensively in- 
vestigated by Gillette, Cowan, Yothers, and other 
economie entomologists. Stridulatory activities of the 
various eastern Tettigoniidae have been reported in 
detail by Seudder, Blatchley, Morse, Allard, Snod- 
grass, Rehn, Hebard, and Fulton.* Chopard has re- 
cently (1938) reviewed the biology of the Tettigonii- 
dae along with other Orthoptera. The southwestern 
United States Tettigoniidae, however, have been for 
the most part neglected, as far as critical field obser- 
vations and experimental studies are eoncerned. 

The Tettigoniidae are orthopterous insects. The 
species discussed in this paper belong to five sub- 
families. 


Orthoptera 
Tettigoniidae (Long-horned Grasshoppers) 
Phaneropterinae (Round-headed Katydids) 
Pseudophyllinae (True Katydids) 
Copiphorinae (Cone-headed Grasshoppers) 
Conocephalinae (Meadow Grasshoppers) 
Decticinae (The Shield Bearers) 


Species GIVEN EXPERIMENTAL STUDY 


The seven species chosen for experimental re- 
searches belong to two sub-families of the Tettigonii- 
dae as follows: 

Phaneropterinae: (Round-headed Katydids) 

Dichopetala emarginata Brunner 

Arethaea ambulator Hebard 

Arethaea grallator (Seud.) 

Amblycorypha p. parvipennis Stil 

Amblycorypha huasteca (Sauss.) 

Decticinae: (The Shield Bearers) 

Pediodectes haldemanii (Girard) 

Pediodectes nigromarginatus (Caudell) 

These are typically southwestern in their distribu- 
tion and all reach population peaks in northeentral 
Texas. These species are essentially ecampestrian in 
their local distribution. Under present cultural con- 
ditions in Ellis County their climax habitats are 
found in upland pastures or weedy flats in bottom 


2 The literature indicated by the above list of authors and 
cited at the close of this paper is doubtless far from complete. 
It represents, however, the papers which were available. The 
hinterlander’s handicap in research library facilities is in part 
balanced by the advantages of field access to a diversified flora 
and fauna. 

















460 


lands. In Ellis and Dallas counties these upland 
habitats may be described as Houston clay, shallow 
phase, soil areas or Trinity clay, alluvial soil, traets 
with cover of tall grasses and coarse weeds. These 
phanerops and decticids have also been taken abun- 
dantly in Tarrant, Johnson, and Denton counties in 
limestone pastures. They were undoubtedly the domi- 
nant May-June katydids in favorable’ environs 
throughout the blackland prairies of Texas before 
the days of modern agriculture and are still common 
to abundant in their restricted habitats. 
The blackland prairies of Texas are mapped in recent 
publications, The Flora of Texas by Cary and Parks 
(1937, p. 2), and The Vegetation of Texas by Tharp 
(1939). Six of these species were collected in this 
area by those “Pioneer Naturalists,” Jacob Boll. and 
Gustaf W. Belfrage. Both Boll and Belfrage were 
expert entomologists. Four of the seven species listed 
above are represented by type specimens collected 
by them in Dallas and Bosque counties. Boll’s inten- 
sive collecting territory (1870-1880) meluded Dallas 
and adjoining counties. Belfrage worked extensively 
(1868-82) in Bosque and MeLennan and adjoining 
counties, Geiser (1937) pp. 30 and 302. 

Their seasonal and breeding activities based on 
cage records are in part indicated by data given in 
Table 1. These data clearly establish the period of 


season in 


TABLE 1. Seasonal, breeding and egg laying behavior. 





Species 


‘ 
a 


. ambulator 
« parvipennis 
P. haldemanii. 


. grallator . . 


tM 


mA 


. huasteca . 
D. emarginata 
P. nigromarginatus . . 


|All of the cage records 
| for May-June, 1937. 





adult seasonal activity of the seven species con- 
cerned. June is the peak month. While infrequent 
individuals may be collected late in July, all field 
records indicate that these species have their seasonal 
rhythm adjusted so as to meet successfully the exi- 
gencies of an oceasional severe drouth in the spring 
and early summer, with its extremes in temperature 
and aridity and consequent shortage of suitable food 
and shelter. The diet problem of the flower feeding 
Phaneropterinae and the carnivorous Pediodectes is 
quite different; none the less, there appears to be 
considerable seasonal correlation among these open 
field Tettigoniidae. 


CAGE STUDIES 
Experience gained in handling Acrididae (Isely, 


1938a) in cages was employed to advantage in the 
laboratory studies of the Tettigoniidae. A home lab- 
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oratory was found to be an ideal set-up for detailed 
observations of the noeturnal behavior of these katy- 
dids. Strong eleetrie flashlights were employed. 
Hourly observations were recorded for each of the 
seven species: from 6:00 p.m. to 6:00 a.m., as well as 
frequent daytime observations. The findings con- 
cerning each of the seven species will be taken up in 
the order of their seasonal appearance. 


SEASONAL, BREEDING, AND EaG LAYING 
BEHAVIOR 


Arethaea ambulator® Hebard 


Seasonally this is the first tettigonid in northeen- 
tral Texas to reach maturity. Juveniles have been 
taken (1932-39) continuously from early March up 
to the time of their adult development in early May 
(Fig. 1). 

Sinee the species is. flightless and nocturnal and 
hides in the vegetation during the day it is likely to 
be overlooked or classed as rare by the diurnal eol- 
lector of Orthoptera. However, if its favorite haunts 
have been discovered, one may uncover many speci- 
mens in daytime collecting by working back and 
forth through the vegetation (Cantrall, 1940). Indi- 
viduals are occasionally encountered some distances 
from their climax habitats. These have probably 
seattered from their breeding centers. 

On May 22, 1937, Day’s Raneh (Cedar Hill, Dal- 
las Co.) a colony of A. ambulator was found among 
seattered bunches of Andropogon interspersed with 
Oenothera, Salvia, Penstemon, Thelesperma, Hymen- 
opappus, Gaillardia, and other coarse weeds. Woody 
plants were represented by Ceanothus (Red Root), 
Smilax (Green Briar), and low bushes of the Aeseu- 
lus (Texas Buckeye). The immediate topography 
was rough. In a short time 21 adults were collected, 
twelve males and nine females. This was one of the 
largest colonies encountered in several years of field 
work and doubtless represents an optimum habitat 
for the species. These were taken to the laboratory 
for eage studies. 

For two seasons (1935-36) this species had been 
incidentally studied in eages, but its food prefer- 
ences were not determined. Early in May, 1937, it 
was discovered that A. ambulator fed eagerly on 
floral parts of the evening primrose (Oenothera). 
Beginning May 8, 1937, the food given this long- 
legged katydid always ineluded flowering shoots of 
Gaillardia and Oenothera, and with this diet from 
20 to 30 adults were kept thriving and under econ- 
stant observation until the middle of June. A eage 
40 x 20 x 30 inches high (Isely 1938b, p. 557), larger 
than the ones usually employed, was found to be 
more satisfactory for the activities of A. ambulator 
than the standard eage (18 x 12 x 15 inches) com- 
monly used in these experiments. Soil blocks of 
Andropogon and Gaillardia were placed in soil pans 
8 x 4.x 3 inches and moved to the floor of the large 

* The full scientific name with author of the species is used 
when the animal or plant species is first listed, or at the be- 


ginning of a new section. In other listings the name of the 
author is usually omitted. 
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Fig. 1. Arethaea ambulator Hebard. A. Male, auditory organ indicated (ao); B. Female, with spermatophore 
(sp) attached; C. Shoot of Gaillardia pulchella Foug.; D. Portion of enlarged Gaillardia stem; E. Split stem 
of Gaillardia showing eggs in pith in situ, 1, leaf, pi, pith, e, egg; p, punctures in stems (C, D, E). 


experimental cage. Cut shoots of many other plants 
selected from the flora of climax habitats of A. am- 
bulator were put in bottles in water and placed in 
the cage between the soil pans. This eut vegetation 
was usually renewed every second day. 

Cage Behavior. In eages A. ambulator spends the 
day quietly seeking shelter among the bunches of 
transplanted plants. If the individuals move about, 
they thread their way deliberately through the vege- 
tation. Unless disturbed, there is little daytime ac- 
tivity. They feed at night and at that time shift 
about rapidly. Oenothera serrulata drummondii T. 
& G. proved to be their favorite food plant in cages; 
in fact, if there was an abundance of fresh flowering 
shoots of this plant other vegetation was not eaten. 
They eat the petals, the new foliage leaves to lim- 


ited extent, but especially the nearly mature flower 
buds. Ray and disk flowers of several Compositae 
served as second-choice foods. They eat their fa- 
vorite plant parts quite ravenously when they begin 
their feeding at dusk. Observations at 8:30 and 
10:30 p.m. and 2:30 and 4:00 a.m. show these slen- 
der, long-legged katydids actively moving about on 
top of the eut shoots of plants in bottles, still feed- 
ing on flower parts or resting on the sides of the 
cage. 

Breeding Habits. In addition to feeding, stridula- 
tion, copulation, and egg laying are also chiefly 
nighttime activities but may extend into the morning 
hours. Copulation is of such brief duration in the 
ease of A. ambulator that unless the observer is alert 
and elose at hand the process is over before the de- 
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tails can be checked. Reeords show copulation in 
progress at 8:10 p.m., May 24; 3:00 a.m., May 25; 
7:00 a.m., May 25; 2:30 a.m., May 26; 11:40 p.m., 
May 29, 6:00 p.m., June 3; 8:00 p.m., June 8. Other 
females carrying spermatophores indicated occasional 
nighttime copulation in the eages from May 24 to 
June 10. 

During the courting period the stridulating males 
moved actively around the females, vigorously open- 
ing and closing their strong cerei (Fig. 1, A). If 
the female permitted, the male slipped back under 
the abdomen of the female and clasped her with the 
cerci near the base of her ovipositor. In several 
eases checked, there was no resistance or movement 
on the part of the female; more frequently, however, 
she moved about over the vegetation or retreated to 
the screens on the side of the eage. If the male suc- 
ceeded in clasping the receptive female with his cerei, 
in a few moments a light globule appeared on the 
surface of the male genital area, increased rapidly in 
size, and the spermatophore was quickly formed. The 
female was then released and she moved away, hold- 
ing the spermatophore (Fig. 1, B) by her vulva 
(Gillette, 1904). In repeated instances where the 
time was checked, the duration of copulation aver- 
aged about two minutes. In the large cage in one 
series of observations as many as six males were 
actively milling over the tops of shoots of Oenothera 
feeding on the buds, stridulating, and snapping their 
eerei. At this time only one female was present with 
the group of six males. As a rule, it was noticed that 
during the active breeding season the females fed 
after the males had had their fill of flower parts in 
the early evening hours. No eases were noted of 
males seizing other males. One instance was observed 
in which a male clasped a female carrying a fresh 
spermatophore. He quickly dropped her and after- 
wards cleaned the gelatinous material from his cerci 
with his palps and mandibles. 

Stridulatory sounds made by A. ambulator were so 
faint as to be heard only by close attention near the 
eage. These stridulations are very soft rasps of short 
duration. In early morning observations at the 
height of the breeding season, it was noticed that 
nearly all the males in the cage were making rapid 
wing movements, indicating stridulation, although 
sounds were barely audible. Hebard (1935, p. 72) 
calls attention to the “exceedingly faint stridulation” 
of the males of Insara juniperi Hebard, a katydid 
allied to ambulator. 

The egg laying technique of A. ambulator was of 
interest. In the big cage during the breeding season 
eut shoots of a dozen different prairie plants were 
kept in the water bottles in the cage as well as trans- 
planted plants in soil boxes. Among these plants the 
stems of Gaillardia pulchella Foug. were almost ex- 
clusively selected for oviposition. The egg laying 
technique is essentially as follows. The female chews 
into the stem for a minute or two with her mandi- 
bles. After a suitable opening is made penetrating 
to the pith region (Fig. 1, D and E), she bends the 
abdomen so as to bring the ovipositor well forward 
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Fie. 2. Arethaea ambulator Hebard. Inserting ovi- 
positor in stem of Gaillardia pulchella Foug. See Fig. 
1, E, which shows eggs in pith of stem. 

(Drawn by Ruth Maxwell Sanders) 


to the position of the cut surface in the stem. The 
cerci of the female aid in orienting her body with 
reference to the stem used for oviposition and help 
to hold the ovipositor near the middle of the Gail- 
lardia stem. Grasping the point of the well-bent 
ovipositor with her jaws she gradually works this egg 
laying guide well into the pith region of the Gail- 
lardia shoot (Fig. 1, D to E). After the ovipositor 
is well inserted (Fig. 2) abdominal contortions and 
pulsations indicate that an egg is being deposited. 
She removes the ovipositor, closes the opening with 
chewed stem fragments, and moving upward a short 
distance, makes ready a second orifice (Fig. 1, D) 
into which the ovipositor may be inserted. With one 
exception, during the observations of the laying of 
thirty-eight eggs by several female ambulators, the 
head was toward the top of the stem. Unfortunately 
the drawing for Fig. 2 shows the head of ambulator 
downward instead of in the typical orientation with 
the head toward the top of the plant. The most 


active egg laying period appeared to be from 2:00 
to 6:00 a.m. Cage records show one instance of a 


continuous egg laying performance by a single fe- 
male over a period of two hours and forty minutes. 
Sixteen eggs were deposited. This gives an average 
time interval of nine minutes per egg. The time of 
egg laying in this instance was from 4:30 to 7:10 
a.m. Other timed observations covered as much as 
twelve minutes in the laying of single eggs. Exami- 
nation on split stems rarely showed two eggs de- 
posited in one opening. In those observed, the see- 
ond egg was laid at the side and slightly above the 
first. There were no cases discovered of the laying of 
one egg followed by a second egg in a reversed posi- 
tion through the same orifice as reported by Hancock 
(1904) for the green meadow grasshopper, Orcheli- 
mum vulgare Harris (glaberrimum Brum.). 

On June 12, an examination was made of all of the 
eut shoots and transplanted stems in the A. ambu- 
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lator eage. On one stem of Gaillardia five inches in 
length, thirty-five punctures were found. There was 
one puncture in a stem of Engelmannia pinnatifida 
T. and G. and a chewed place was found in a stem 
of Melilotus alba Desv. With these exceptions, all of 
the eggs had been deposited in the stems of Gail- 
lardia. A female that died in the cage on June 14 
was dissected and found to be earrying 19 fully 
mature eggs. Beginning about the middle of June, 
there came a noticeable lull in the eage activities of 
Arethaea ambulator, although several females were 
still carrying eggs. Field studies also indicated that 
populations were definitely on the wane before the 
middle of June; in facet, the latest field record is 
“WE ah. 237" 

Adults of A. ambulator in eages (1937) fed chiefly 
on buds and flowers of Qenothera serrulata drum- 
mondit T. & G. and oviposited in stems of Gaillardia 
pulchella Foug. In field studies, colonies have been 
found where both plants are absent, clearly indicat- 
ing that A. ambulator is not dependent on these 
plants for food or for stems in which to lay their 
eggs. Ocenothera serrulata drummondii is usually 
present and some of the largest colonies of ambulator 
which have been annually checked in the vicinity of 
Waxahachie for the past eight years, are found 
where both plants are important members of the 
flora. Recent field studies (1940) of juveniles, see- 
ond instars, and later nymphs have definitely linked 
ambulator with Salvia farinacea Benth (Blue Sage). 
In eages (spring of 1940) juveniles of A. ambulator 
fed on Astragalus nuttallianus, D. C., Lupinus texen- 
sis Hook and sparingly on Salvia. farinacea. Am- 
bulator is clearly a discriminating feeder. In further 
cage studies with juveniles (1940) it was found that 
a large number of different forbs and grasses were 
refused when supplied for food as was the ease 
with adults in the (1937) food tests. These field 
and cage observations were followed (late May, 1940) 
with further experimental testing of plant stems 
which might prove acceptable to ambulator as a re- 
pository for her eggs. At the time only four males 
and six females of ambulator were available for cage 
studies. These were placed in a large cage along with 
transplanted bunches of Salvia and several other 
prairie plants. All of these plants had stems with 
pith centers. Gaillardia, however, was not used, as 
the test centered on the possible choice of plant stems 
for oviposition by ambulator in the absence of Gail- 
lardia. Examination of stems was made on June 6, 
1940. Twelve typical ambulator stem punctures, 
(Fig. 1, D) were found in stems of Salvia and four- 
teen punctures in stems of Engelmannia. Split stems 
showed eggs imbedded in the pith of these stems. 

These tests make it evident that Engelmannia and 
Salvia stems may be used for receiving ambulator 
eggs. In addition it should be noted that both grow 
from perennial roots. Salvia farinacea grows in 
rather dense clusters and has been observed to serve 
as the chief shelter plant for early March juveniles 
of ambulator in loeal upland pastures. It seems ob- 
vious that with these qualities Salvia is admirably 
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suited to play an important role in the life activities 
of Arethaea ambulator. 


Amblycorypha parvipennis parvipennis Stal 


This is the second of our katydids to enter as an 
adult upon the May-June faunal stage. It reaches 
maturity during the last third of May. June is the 


month of its major adult activities although in pro- ° 


tected localities individuals may live until July. My 
latest field record, “VI, 26, ’33,” reports a rather 
large colony of parvipennis among leafy shrubs. 
Like Arethaea ambulator, Amblycorypha parvipennis 
(Fig. 4, B) is a flightless katydid. While these two 
species are often taken in the same general habitat, 
parvipennis is more widely distributed locally and 
less secretive in its daytime behavior than ambulator, 
being frequently encountered in daytime collecting. 
Cage studies clearly demonstrate, however, that par- 
vipennis is mainly nocturnal in its activities. 


The following account gives a good idea of a cli- 
max habitat of A. parvipennis in northeentral Texas. 
Byrum Farm, six miles north of Waxahachie on 
highway 34, June 3, 1937, 6:00-8:00 p.m. On this 
trip there were five collectors. The general plan was 
to determine daytime and early evening activities of 
the Tettigoniidae under field conditions. The area 
for study was a small Trinity clay, (alluvial soil) 
weedy pasture in a bend of Waxahachie Creek. This 
tract was formerly cultivated, according to Mr. By- 
rum, and had quite recently, because of a shift in the 
highway, been changed to a pasture. Across the 
ereek there is a permanent thirty-acre, rough, upland 
prairie pasture from which the new pasture was 
doubtless readily repopulated with insects. The plant 
cover was made up of various grasses and flowering 
weeds. Gaillardia, which was just passing, was the 
dominant cover during May. Gaura, still in its prime 
and abundant, was of interest as many of the apical 
shoots were defoliated. Among the immature weeds 
were numerous bunches of Veronia; other vegetation 
consisted of Smilax (Green Briar) and rank growths 
of pecan shoots from old stumps. The fact that fifty 
specimens of A. parvipennis were secured in a short 
time, should serve to mark this small pasture as a 
climax habitat of this species. Next in abundance in 
this weedy pasture habitat was Pediodectes halde- 
manii, whereas occasional specimens of Arethaea am- 
bulator and Arethaea grallator were also taken, as 
well as several fifth instars and adults of Amblycory- 
pha huasteca. The local abundance of parvipennis is 
further emphasized by the writer’s June field record 
summaries for 1933 and 1934, which show that after 
dusk, stridulation of A. parvipennis is everywhere 
evident in favorable localities. 


Cage Behavior.. Fifteen to thirty adults of A. par- 
vipennis were observed continuously. in eages from 
May 20 to the end of June. Like ambulator, parvi- 
pennis is a flower feeder; foliage leaves of several 
plant species, however, are also acceptable as food. 
Flowers, buds, or young leaves of the following 
plants were eagerly eaten by caged individuals: 
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Oenothera, Gaura, Pentalostemum, Stillingia, Lae- 
tuca, Lupinus texensis and Astragalus nuttallianus ; 
to a lesser extent the ray flowers of Gaillardia and 
Thelesperma. Stridulation and mating are comple- 
mentary katydid activities. A. parvipennis was the 
outstanding instrumentalist in our tettigonid labora- 
tory orchestra. A. parvipennis males also synchro- 
nize their orchestration; however, as Fulton (1928, 
p. 446) has shown in his experiments with Ambly- 
corypha rotundifolia Ball, operated 
males, i.e., males with tibiae and auditory organs 
clipped off, played in discord, proving the auditory 
qualities of the tibial “ears” in parvipennis. 

Breeding Habits. Copulatory behavior of A. par- 
vipennis is similar to that of Phaneroptera furcata 
furcata Brunner (Fulton 1930, p. 626) and not un- 
like that of certain crickets, Nemobius (Fulton 1931, 
p. 227) or Oecanthus (Haneock, 1905). Mating be- 
havior was repeatedly checked in eages. The stridu- 
lating male approached the female with uplifted 
wings; then he ceased fiddling and backed around 
toward the female. The female occasionally would 
move astride, stroking the male on the tergum with 
her palps as she moved forward until her head was 
under his wings. If coupling was accomplished, the 
pair might remain in copulo for a considerable pe- 
riod. If the female left the union with a large glis- 
tening spermatophore, it was evident that ensemina- 
tion would follow. Females carrying spermatophores 
were common in cages during the entire period of 
June experimentation. 


brachyptera 




















Fic. 3. Amblycorypha p. parvipennis Stal. Forcing 
ovipositor into soil in preparation for oviposition. Note: 
The egg laying techniques of Amblycorypha huasteca 
(Sauss.) and Dichopetala emarginata Brunner are quite 
similar to those of A. p. parvipennis. 


(Drawn by Ruth Maxwell Sanders) 


A. p. parvipennis deposits its eggs in the ground. 
A female at egg laying time bends so as to form an 
arch with the body. The mandibles seize the point of 
the sickle-like ovipositor and assist in directing it 
into the ground. (Fig. 3). When the evipositor has 
been fully buried into the ground, she continues to 
hold it with her jaws. Body pulsations indicate the 
passage of the eggs into the ground. Egg laying in 
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cages often occurred early in the evening and was, 
as a rule, a nocturnal activity. Records show egg 
laying in progress at all hours of the night, 7:45 
p-m., 10:30 p.m., 12:30 a.m., ete. Several loose egg 
masses were secured. On June 8, 1937, an examina- 
tion of one of the soil pans (Isely 1938a, p. 6) re- 
vealed five of these loose clusters of eggs. The count 
per cluster was as follows: 11, 11, 14, 13, 5 eggs, 
respectively. The individual eggs are brownish-gray 
in color, flat and ellipsoidal in form. 


Pediodectes haldemanii (Girard) 

When haldemanii (Fig. 4, E) 
taken up for special cage studies in the summer of 
1937, it was assumed that this species was chiefly 
phytophagous and also highly cannibalistic, as are 
Anabras simplex Haldeman (Gillette 1904, Cowan 
1929) and Peranabrus scabricollis Thomas (Melander 
and Yothers, 1917). It soon developed, however, 
that P. haldemanii is chiefly carnivorous in its feed- 
ing behavior as Fabre reported for the “White-Faced 
Decticus” (Stawell, 1921). From the twentieth of 
May to the last of June, 1937, 20 to 30 individuals of 
this large decticid were in one or two of the regula- 
It was soon 
found that the foliage of forbs and grasses was little 
used food, even under starvation pressure. In 
cages they would eat to a limited extent the flowers 
and flower parts of Opuntia, Stillingia, and Meli- 
lotus. In further cage studies with P. haldemanii 
juveniles (1940) the fruits of Astragalus nuttal- 
lianus, D. C., were eaten. Four second instar juve- 
niles were put in a eage on April 6 and supplied 
with forbs and grasses but no animal food was pro- 
vided. These four individuals had advanced to the 
third instar by May 6. It is worthy of note that no 
eanntbalism had occurred even at the time of moult- 
ing when some individuals were changing from see- 
ond to third instars. 

Cage Behavior. 


Pediodectes was 


tion cages on the imsectary shelves. 


as 


P. haldemanii will eat vegetation 
sparingly when no animal food is provided in eages. 
The stems of Sonchus and garden lettuce were eaten. 
Green weed were used food. They 
appeared neither voracious nor greedy. During the 
day they spend most of their time on the sereen on 
the back of the cage, especially the upper half. If 
they move they crawl around more or less de’ib- 
erately, moving over their fellows, and these do not 
seem to object. The count in one of the P. halde- 
manii cages on June 2, 1937 was 16 males and 14 
females. In this cage we placed 35 grasshoppers, 
medium to fairly large in size. Half an hour later 
only 14 of them were left. A check at 5:30 a.m. the 
next morning showed 6 grasshoppers remaining. The 
P. haldemanii in feeding snap off a leg of a passing 
grasshopper or grab the acridian with the fore legs 
and bite especially into the head region, holding the 
prey with their fore and middle legs. Very seldom 
were individuals observed pursuing their prey. They 
seemed to depend chiefly on cutting off a body part 
with their large mandibles or grabbing the passing 
insect with the front legs. The only time haldemanii 


seeds also as 
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appeared to be irritated was when another decticid 
wished to share in the captured food. Under these 
circumstances they showed a good deal of savage 
fight. They were frequently satisfied with a leg or 
an antenna, letting the crippled acridians escape. 
All of the various Phaneropterinae used in these 
experiments were also captured as food by caged 
haldemanii. 

On June 9, a large number of insects were swept 
from flowering Melilotus. The numbers were esti- 
mated; white-faced flies (Tachina) 50, honeybees 
(Apis) 25, Pentatomidae 15, and several small but- 
terflies and moths. These were placed in the cage at 
4:00 p.m. In a short time it seemed as if every 
hungry haldemanii was feeding on one of these in- 
sects. Large grasshoppers (Xanthippus corallipes 
pantherinus, Seud.), and hard-backed beetles (Calo- 
soma scrutator Fabr.) were passed up and not eaten. 
It was also noticed that P. nigromarginatus usually 
remained to the last in the cages of P. haldemanii. 
Several times cannibalism was observed but more 
often than otherwise, even crippled or moulting in- 
dividuals of haldemanii remained in the cage un- 
molested. 

P. haldemanit is an abundant and widely distrib- 
uted decticid in northeentral Texas. If it were diur- 
nal in its activities instead of primarily nocturnal, 
it would undoubtedly be much better known. In up- 
land pastures these insects often hide away under 
coarse weeds. In overgrazed pastures they are 
sometimes found aggregated in numbers under clus- 
ters of the common cactus, Opuntia. One can fre- 
quently rout out large numbers of haldemanti and 
P. nigromarginatus by cutting heavy growths of 
Opuntia. Large weeds are often used for roosting, 
and especially in midsummer the insects show up in 
considerable numbers among the upper leaves. Here 
again haldemanii is found in company with P. nigro- 
marginatus. P. haldemanit is taken also in open 
woods, but in northeentral Texas maximum numbers 
are found in upland pastures where coarse vegeta- 
tion serves for shelter and protection. In favorable 
habitats this species carries over through July but 
becomes infrequent during August. As Cowan 
(1929, p. 15) suggests for Anabrus simplex (Halde- 
man) high temperature at the surface of the ground 
dung the day drives the adults up on the weeds. 
This behavior may be noticed especially in over- 
grazed pastures where the decticids normally were 
find‘ng shelter under clusters of cacti. On cool days 
the insects would not be in evidence, but on exces- 
sively hot days (air temperature of 100°F.), large 
numbers of both P. haldemanii and P. nigromargi- 
natus would be found high up on the weeds, espe- 
cially in the near vicinity of the bunches of Opuntia. 

Breeding Habits. The mating behavior of P. halde- 
manii is similar to that described in some detail by 
Melander and Yothers (1917) for Peranabrus scabri- 
collis Thomas. The stridulating male haldemanii 
backs under the abdomen of the receptive female and 
if she remains quiet, he may eatech hold of her near 
the base of the ovipositor with his hooked cerei, The 
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actual process of copulation, i.e., until the spermato- 
phore was formed (Fig. 4, E) and the female re- 
leased, lasted in cage studies from 15 to 20 minutes. 

Copulation as well as egg laying was usually a 
nocturnal activity. My notes for June 22, 1937, read 
as follows: “At 10:30 p.m. two females trying to 
oviposit in the middle soil pan. At 12:05 a.m. five 


females with ovipositors buried in coarse gravel of 


soil pan attempting to lay. Specimens are nervous 
and quite active. At 12:45 a.m., without otherwise 
disturbing egg-laying females, I poured one half cup 
of water into the soil pan. All the females ceased 
laying activities and moved to another position in the 
cage.” 

In egg laying in cages the female brings the heavy, 
slightly curved ovipositor (Fig. 4, E) under the body 
and gradually works it into the ground. In final egg 
laying position the body of the female is flat on the 
ground at right angels to the ovipositor. On June 
26, 1937, an examination of the soil pans in the 
haldemanii cage was made to determine the number 
of eggs. Two hundred forty-three elongated eylindri- 
cal brownish-gray eggs were secured. These are mass 
results, as time was not available for individual 
studies. The depth in the ground of most of the 
eges was between an ineh and an ineh and a half. 

The stridulation of haldemanii is especially marked 
during the breeding period. Stridulating may be 
heard during the nighttime and also up to noon at 
the height of the breeding season. Miss Douglas, one 
of my technical assistants, made special study of 
stridulating activities. Her notes for June 17, 1937, 
read: “8:10 a.m., I ean count 14 males stridulating. 
At 10:30 a.m., 12 males stridulating. At 5:45 p.m., 
only one male singing.” Hebard (1925, p. 404) de- 
seribes the song as a “sharp, not loud, dxik—dxik— 
dxik—, the intervals between the notes brief.” Miss 
Douglas described the chirps as sharp rasps or con- 
tinuous chirps, at times not unlike certain warn'ng 
or signal notes of the cardinal. 


Arethaea grallator (Seud.) and Amblycorypha 

huasteca (Sauss.) 

Since these two species (Fig. 4, A, D) are quite 
similar in their field and eage behavior and have a 
like seasonal eyele, they will be discussed in part 
together. Both are open prairie katydids and as far 
as field reeords show are more numerous in individ- 
uals and less secretive than any of the other three 
species of the Phaneropterinae, which were experi- 
mentally studied. During a peak season, mid-June, 
1933, in favorable habitats these species were so 
numerous as to fly continuously in numbers before 
the collectors. This degree of abundance was _ ob- 
served at Bell Branch Country Club (VI, 6, 1933) 
and MeWhorter’s Ranch (VI, 10, 1933). They have 
not reached a simi'ar peak in numbers in any season 
snee 1933. Neither of the species is a strong flyer 
and individuals are usually easy to collect. As with 
the other Phaneropterinae, both of these species are 
flower feeders. Young foliage leaves also make a eon- 
s‘derab'e part of their diet. The plants enumerated 
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Fie. 4. 
pennis Stal; C. 
manit (Girard); F. 


May-June southwestern Tettigoniidae. A. 
Dichopetala emarginata Brunner; D. Amblycorypha huasteca 


Pediodectes nigromarginatus 


(Caulell). 


Arethaea grallator (Seud.); B. Amblycorypha p. parvi- 


(Sauss.); E. Pediodectes halde- 
Note: Spermatophores show in A, D, E and F. 


In B and C the spermatophores had fallen away from the specimens at the time the photograph was made. 
The sizes of the spermatophores for these two species are ‘ncicated by dotted outlines. 


for Amblycorypha parvipennis proved to be suitable 
food plants in eages for Arethaea grallator and Am- 
No marked differences in their 
food selection was shown in tests. In mating 
habits and egg laying technique, however, A. gral- 
lator and A. huasteca are very different in their be- 
havior. 


blycorypha huasteca. 


cage 


Amblycorypha huasteca (Sauss.). The breeding, 
egg laying and stridulating behavior of huasteca is 
similar to that of A. p. parvipennis. Twenty to thirty 
individuals of A. huasteca, beginning with fourth and 
fifth instars and continuing with adults, ob- 
served in eages from late May to the first of July 
during 1937. As an instrumentalist, A. 
would probably have to play second fiddle in a par- 
vipennis-huasteca orchestra. The call notes of huas- 


were 


huasteca 


teca are fainter but fully as insistent at the peak of 
the breeding season as are those of parvipennis. 

In egg laying and breeding habits, huasteca and 
parvipennis are similar. Time was not available to 
check huasteca as eritically as the first three species 
herein reported; however, 39 eggs of A. huasteca 
were taken from the cage soil pans July 1, 1937. In 
general form the individual eggs were similar to 
those of parvipennis, and the egg masses were simi- 
larly placed in the soil. 

Arethaea grallator. The cage activity of grallator 
is similar to that of A. ambulator. However, in its 
nocturnal movements, grallator does not appear to 
get about as rapidly as A. ambulator, and its egg 
laying behavior is quite different. 

Laboratory records show that on June 24, 1937, 
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12:30 a.m., a female grallator was observed trying 
to place eggs in the stem of a small Gaillardia. She 
continued this activity for over thirty minutes. She 
first appeared to form a shallow cavity near the base 
of the stem with her mandibles. In this depression an 
egg was finally deposited and then covered over with 
bits of chewed stem and mud. A more eareful exami- 
nation the next morning showed several eggs in posi- 
tion, inserted in shallow pits in the side of the stem, 
one above the other. Again on June 28, at 12:30 
a.m., another grallator was observed laying eggs. 
This time dead stems of the grass Hordeum were 
used to receive the eggs. The general procedure was 
similar to the one deseribed before. In the morning 
by daylight the Hordeum stems were examined, and 
a row of four eggs was found, one above the other. 
On another stem, there was a row of three eggs plas- 
tered over with mud and chewed stem fragments. 
Altogether, thirty eggs of A. grallator were collected, 
all of them partly inserted in stems near the ground. 
The method of A. grallator in wedging the eggs into 
small cavities excavated in plant stems and covering 
them with chewed bits of vegetation and moistened 
soil appears unique among oviposition methods of 
American katydids. It may be contrasted with the 
methods of depositing eggs in stem pith (A. ambula- 
tor), of placing them between edges of leaves (Scud- 
deria texensis Saussure-Pictet, Blatchley 1920, p. 
465), (Scudderia pistillata Brunner, Urquhart 1938, 
p. 52), of gluing them to twigs (Microcentrum), or 
depositing them in soil (Amblycorypha). A. gral- 
lator buries the end of an egg so as to leave two 
thirds of the egg exposed. The exposed portion is 
covered with chewed plant fragments and soft mud. 


Dichopetala emarginata Brunner 


Dichopetala emarginata (Fig. 4, C) is similar to 
Arethaea ambulator in its secretive daytime behavior, 
both in the field under natural conditions, and in 
cages. In its local distribution and seasonal eyele it 
is near to Arethaea grallator and Amblycorypha 
huasteca, although apparently less populous and 
more gregarious in habits. This gregariousness may 
be related to the fact that emarginata is flightless 
and clumsy in movements. D. emarginata is also a 
flower feeder. In mating habits it is not unlike am- 
bulator in that the male seizes the female from be- 
neath, clasping her with his cerci. In the duration 
of copulation, however, the two species are entirely 
different. Pairs of D. emarginata may remain in 
copulation for several hours before the spermato- 
phore is formed. Laboratory records show copulation 
continuing from morning until midafternoon. Dur- 
ing this mating activity the female will often move 
about the vegetation dragging the male after her, 
pesterior end forward and the arched dorsal side 
down. A faint rasp or buzz best describes the stridu- 
latory sounds of this short-winged species. D. emar- 
ginata deposits her eggs in the ground and her egg 
laying technique is similar to that of A. parvipennis. 
The eggs are elongated and eylindrieal in form simi- 
lar to those of P. haldemanii. 
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Pediodectes nigromarginatus (Caudell) 


Not until June 21, 1937, were laboratory studies 
begun with Pediodectes nigromarginatus (Fig. 4, F), 
the last in seasonal succession of the seven Tettigonii- 
dae herein given special study. Twenty-two males 
and fifteen females were placed in regulation eages 
to test out food preferences and sexual activities. In 


field behavior and distribution, nigromarginatus’ 


closely parallels the habits of P. haldemanii. In the 
field they are often found associated in numbers un- 
der large cacti or roosting together high up on the 
leaves of broad-leaved plants during hot July after- 
noons. When placed together in eages, these two 
species of the Decticinae show little or no antag- 
onism. Cage behavior, however, suggests that both 
are predatory, night-prowling insects. 

Though P. nigromarginatus is chiefly carnivorous, 
it fed avidly on flower parts of Melilotus, which were 
thrown into the cage with insects swept from these 
flowers. Apparently, since it is considerably smaller 
in size than haldemanii it seleets its prey from among 
the smaller insects. In cages various species of Pen- 
tatomidae, juveniles and smaller species of the or- 
thoptera, flower flies, and sow-bugs (Oniseus) were 
among the animals acceptable as food. 

There were instances of cannibalism in the nigro- 
marginatus eages, but on the whole, there was no 
evidence of active cannibalism even when no food 
had been provided for two or three days and the 
cages were crowded. Day by day counts of total 
numbers of speeimens in eages showed that the num- 
ber which fell as prey by cannibalism was small. 
This appears to be of interest since economic ento- 
mologists who have worked extensively with western 
pest Deecticinae (Mormon and Coulee erickets) em- 
phasize the general prevalence of cannibalism in 
these species. Turner (1915) also ealls attention to 
frequent cannibalism in cage studies of Cethophilus 
latens Seud. 


The period for the study of nigromarginatus was 
short. Cage studies, however, show that in the main, 
the breeding, stridulating, and egg laying habits of 
P. nigromarginatus are similar to those of P. halde- 
manii. 


SIGNIFICANCE OF CAGE STUDIES 


SEASONAL SUCCESSION AND Foop RELATIONS 


From the writer’s viewpoint the food selection re- 
sults obtained in these cage experiments were of sig- 
nificance. A knowledge of food habits is of impor- 
tance in explaining seasonal appearance and gives 
clues to loeal as well as regional distribution of these 
southwestern katydids. It was evident in eage stud- 
ies that all of the five katydids are oligophagous and 
as adults showed a marked preference for flower 
parts, and for tender fruit pods. The seasonal pass- 
ing of the late spring and early summer flowering 
plants doubtless are important factors in the disap- 
pearance of these late spring and early summer 
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Phaneropterinae. A change in the floral aspect means 
a shift in faunal picture as far as these prairie katy- 
dids are concerned. <Arethaea grallator and Ambly- 
corypha huasteca seem better adapted to hot dry 
climatic conditions than are Arethaea ambulator, 
Amblycorypha parvipennis and Dichopetala emargi- 
nata. This may in part explain the later seasonal 
appearance and survival to mid-July of grallator 
and huasteca. 

The two Deeticinae especially studied do not ap- 
pear to be as dependent upon seasonal changes as 
are the flower feeding Phaneropterinae. Their in- 
sect food supply found among growths of rank mid- 
summer weeds may be sufficient to carry over these 
carnivorous insects successfully to the end of July. 
However, the decticids, from the evidence of their 
field behavior, doubtless find the July-August tem- 
peratures unfavorable to their normal activities. High 
temperatures of the Texas summer probably account 
for their rapid decrease in numbers. 


STRIDULATION 


Stridulation and its relation to mating habits was 
a subject of constant checking and study during the 
progress of these investigations. The argument is 
frequently advanced, chiefly by armehair critics, that 
sound production is meaningless in the life of insects. 
This line of theorizing is not well supported by eon- 
tinuous eage-side observations of the behavior of 
these tettigonids. There are, to be sure, other urges 
which impel tettigonid musical sounds, but there is 
no doubt concerning the close association of stridu- 
lation and courting. In every one of the seven spe- 
cies, stridulation was clearly at its height during the 
active breeding eyele. The typical file rasp mechan- 
ism (Allard, 1928, p. 566) of the Tettigoniidae was 
employed for sound production by each of the spe- 
cies concerned. In several of the species, Arethaea 
ambulator, A. grallator, Dichopetala emarginata, and 
Pediodectes nigromarginatus, the sounds are best de- 
seribed as faint rasps. However, the rapid wing 
movements, which could be easily observed, were a 
definite evidence of active stridulation. 

Texas open field Tettigoniidae live most of their 
lives in a habitat which may be described as a tangle 
of vegetation made up of tall grasses, coarse weeds, 
and frequently low bushes. In this environment the 
katydids are active at a level varying from one to 
three feet above the ground. The decticids are more 
frequently found at ground level, but especially in 
hot weather they roost in the leaf axils of tall weeds. 
Their rasps and low clicks, which represent their 
stridulatory sounds, undoubtedly contribute to the 
possibilities of mate finding. This is all the more 
important on account of their short breeding season. 
It is fair to assume similar communication by other 
stridulating Orthoptera. Fulton’s (1928)  experi- 
ments, which were repeated on cage specimens of 
Amblycorypha p. parvipennis, clearly establish the 
fact of group as well as individual communication by 
this spec‘es in synchronizing their stridulatory music. 
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Breeding habits among the Orthoptera were re- 
viewed by Turner (1916). Recent studies by Fulton 
(1931) on the breeding habits of Nemobius and a 
review of the breeding habits of Ceuthophilus by 
Hubbell (1936) supply important data. Metcalf and 
Colby (1930) diseuss and figure the egg laying of 
Orchelimum vulgare Harris, as does Urquhart (1938) 
for Scudderia pistillata Brunner. Details of the 
breeding habits of many species of Orthoptera in- 
eluding the Tettigoniidae are given by Chopard 
(1938). 

The Tettigoniidae kept in cages laid their eggs in 
the soil or attached them in cavities made in the 
stems. The methods of oviposition have been briefly 
outlined for each species. The individual eggs ap- 
proach two patterns as to form: 1. Four of the katy- 
dids have flattened oval eggs. 2. The Deecticinae and 
Dichopetala emarginata have oblong eylindrieal eggs. 

The dimensions of the eggs as recorded in the fol- 
lowing table give the average size and suggest the 
form: 

Width in 


Species Length in 


millimeters millimeters 

Amblycorypha p. parvipennis 6 3 
Amblycorypha huasteca 5.8 2.5 
Arethaea grallator 3.8 1.2 
Arethaea ambulator 4.2 1.4 

Diameter in 

millimeters 
Pediodectes haldemanii 6 1.8 
Pediodectes nigromarginatus 4.8 1.6 
Di-hopetala emarginata 4.0 12 


The eggs of A. ambulator are somewhat pointed at 
one end. It is interesting to note that the rounded 
end is the one that first enters the pith cavity of the 
Gaillardia stem. The orientation is shown in Fig. 1, 
E, in which the lower end of the egg is rounded. 

In the other three katydid species which have the 
flattened, ellipsoidal type, the egg form is quite sym- 
metrical and rounded at each end. The eggs are laid 
in loose masses, the depth varying from half an inch 
to an inch in the ground. 

In the species which deposit their eggs in the soil 
there is a definite correlation between depth of eggs 
in the soil and length of ovipositor. 


FIELD STUDIES 


The writer’s field studies pertaining to the ecology 
of the Texas Orthoptera, have been in progress for 
the past nine years (1931-40). While the Acrididae 
take first rank among the Orthoptera both in num- 
ber of species and aggregate populations, the Tetti- 
goniidae are in the forefront as actors in the night 
shift. Other nocturnal Orthoptera are found among 
the Gryllidae, Blattidae, Mantidae and Gryllacridi- 
dae. 

The brief descriptions outlined below of the chief 
types of vegetational cover in northeentral Texas, 
which afford tettigonid habitats, will in part picture 
the environmental conditions under which the long- 
horned grasshoppers live. The actual tettigonid 
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micro-habitats are subdivisions in extent and make- 
up of these larger vegetational complexes which are 
here grouped under four heads: 

1. Prairiz. Before the advent of the white man 
in southwestern North America, the campestrial prai- 
ries of northcentral Texas occupied the vast stretches 
of grassland shown on vegetation maps (Fig. 5) as 
the blackland and grand prairies. That these floral 
designations are at the present time chiefly of his- 
torical interest in much of this region is evident from 
the fact that in Ellis County nearly every foot of 
the former level prairie land is under plow. Grass- 
lands are represented today by small, rough, upland, 
shallow soil, weedy pastures and occasional strips of 
grassy flats along railroad rights of way. Among 
the grasses still present on these flats are the Andro- 
pogons, Stipa, and Sporobolus. If the area is re- 


stored grassland, Sorghum (Johnson grass) may 
take a prominent place in the floral complex. The 


present-day student, therefore, of the Tettigoniidae 
of northeentral Texas must evolve his ecological fae- 
tors of distribution mindful of the environmental 
changes which have oceurred. 

2. BusH. Timber margin shrubs, under growth in 
open woods, and new growth on cutover lands repre- 
sent shelter plants which provide habitats for the 
bush katydids. These are low growing shrubs which 


vary from one to seven feet in height. Prunus 
(thicket plums), Cornus (rough-leaf dogwood), 


Adelia (spring herald), and Symphoricarpos (coral- 
berry) are typical examples. 

3. Sttvan. These are timber areas with permanent 
cover of tall trees. Here may be included bottom- 
land tracts and upland woods. Chief among the 
trees are elms, oaks, pecan, hackberries, and shrubs 
and vines in the more open areas. These woods afford 
two definite altitudinal zones. The lower may be 
characterized as the undergrowth of the shaded open 
woods and the higher as the arboreal habitats of the 
tree crowns. 

4. Semi-Marsu. In the east Texas timbers, marsh 
lands were visited in the vicinity of Elkhart, Mar- 
shall (Caddo Lake), and Tyler. In northeentral 
Texas, where no true marshes were found, the semi- 
marsh is represented by stream and lake border vege- 
tation, chiefly tall grasses with mixture of willows 
and other broad-leaved herbaceous plants. Here also 
should be included low lying tracts adjacent to lakes 
and streams with a cover of slough grasses. Lake 
marg ns in northeentral Texas for the most part bor- 
der artificial lakes. Country Club Lake at Waxaha- 
chie, lake margins of Lake Worth in Tarrant County 
and White Rock Lake at Dallas have typical lake 
margin vegetation which provide favorable environ- 
ments for O. nigripes and similar forms. In eastern 
Texas favorable lake margin and marsh habitats are 
more generally found than in northeentral. 

At least eighty percent of the time which has been 
given to the tettigonid field studies here reported has 
centered on areas 1 and 2. Further work in the 
habitats of areas 3 and 4 should add significant data. 
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Nocturnal work has not been neglected, but here too, 
additional field studies are desirable. 


Hasits, Hapirats, SEASONAL RANGE, NUMBERS 


In the summaries which follow, a species is placed 
in its primary or climax habitat. If found in suffi- 
cient numbers in one of the other three areas named. 
above to justify frequent to oceasional* population 
designation, the fact is specified by the number of 
its secondary habitat in parenthesis following its 
name as listed in the primary habitat. Among the 
Tettigoniidae as well as the Acrididae, the index to 
primary habitats is favorable breeding conditions. 
These are marked in season by the presence of eggs 
or juveniles. Occasional or infrequent adults, espe- 
cially among flying Orthoptera, in a given area are 
often merely accidental visitants. These infrequent 
adults may or may not be unable to find favorable 
egg laying sites. If eggs are deposited, the juveniles 
may die for lack of minimum diet requirements, or 
because of other hostile environmental factors. 


Recent taxonomie papers of Morgan Hebard have 
been followed in this paper in listing the order of 
sub-families, genera, and species. The seasonal range 
is indicated by naming the months in which the sev- 
eral species have been recorded as an adult in my 
field studies. 

The primary and secondary habitats, population 
frequeney, and usual seasonal range of adult breed- 
ing periods are given for all species where sufficient 
field data were secured. The writer’s field records of 
county distribution are listed for many species. These 
are followed by brief summaries of field notes per- 
taining to the habits of the various species not pre- 
viously treated in the first section of this paper. 


PRAIRIE: Dichopetala.emarginata Brunner (2) was 
common, mid-June through July and was collected 
in Dallas, Ellis, and Tarrant counties. 


Arethaea constricta constricta Brunner (2), ocea- 
sional to frequent, late June to September and was 
taken in Dallas, Ellis, Palo Pinto and Tarrant coun- 
ties. 

Arethaea ambulator Hebard (2). This little-known 
Arethaea was common, May to mid-June in Dallas, 
Denton, Ellis, and Tarrant counties. 


grallator (Seud.) (2) was abundant, 
June to July in Dallas, Denton, Ellis, Johnson and 
Tarrant counties, infrequent in Hunt and Lamar 
counties. 


Arethaea 


Amblycorypha huasteca (Sauss.) (2) even more 
abundant, June to July than grallator and was col- 
lected in Dallas, Ellis, Johnson, Parker and Tarrant 
counties, infrequent in Hunt and Lamar counties. 


Amblycorypha parvipennis parvipennis + (Stal) 
(2) was common to abundant mid-May to July in 
Dallas, Denton, Ellis and Tarrant counties. 

*The frequency of a species is indicated by a method out- 
lined in Isely. 1937, pp. 334-5. The terms swarming, abundant, 


common, frequent, occasional, infrequent, and rare are used in 
a descending order. 
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Neoconocephalus 
common, mid-June 


robustus crepitans (Seud.) (2), 
through August. Crepitans is a 
campestrian species and in Ellis County is frequently 
found in remnant grassland flats along railroads. 
These isolated grassland areas represent the last 
stand habitats of these cone-headed longhorns. 

Nocturnal study is necessary for an understanding 

of the distribution and activities of crepitans. The 
volume of the stridulatory noises of this species is 
loud enough to attract the attention of the night 
worker at a distance of two hundred yards. Chiefly 
by means of these night calls, males are located. If 
approached cautiously, they may be captured while 
in full song. Favorable conditions for night study of 
N. r. crepitans are clear moonlight and a stiff breeze. 
Under these conditions, with the aid of a flashlight, 
males have been taken in numbers in favorable locali- 
ties. Occasionally while the collector is stalking a 
male, he will come upon a female in the near prox- 
imity of the male. 
(Seud.) (2) was frequent, 
mid-June through October. This species has been 
taken as late as December. It is a campestrian mead- 
ow grasshopper belonging to the prairie fauna. 
Strictus, according to available records and _ field 
work, is the most generally distributed of all the 
Texas Tettigoniidae. 

Pediodectes haldemanii (Girard) (2) was eommon, 
June to July in Dallas, Ellis, Johnson, and Tarrant 
counties. 

Pediodectes (Thomas) (2) 
mon, mid-June through August in Dallas, Ellis, Palo 
Pinto, and Tarrant counties. 


Conocephalus  strictus 


stevensonii was ¢om- 


Pediodectes nigromarginatus (Caudell) (2). This 
species was common, June to July in Dallas, Ellis, 
Palo Pinto, and Tarrant counties. 

Field evidence suggests that all of the eleven spe- 
cies named above are found thronghout the prairie 
belt. It has been impossible to check the distribution 
of each species in detail for so large an area. How- 
ever, wherever field collecting has been done in fav- 
orable habitats in northeentral Texas during the peak 
season of any one of these species, it has been taken 
in frequent to abundant numbers as indicated above. 

Busu. Scudderia texensis Sauss. and Pictet (4). 
Terensis was frequent, July to October. Diurnal 
field collecting evidence marks S. texensis as a tim- 
ber margin bush katydid. In a stream bend habitat 
of the Trinity River, near Hutchins, Dallas County, 
X, 22, 33 it was found to be very abundant and was 
associated with S. f. furcata in tall slough grasses. 
Schistocerca americana Drury was the third orthop- 
terous insect to swell the October population of this 
river bend, slough grass habitat. 

Scudderia f. furcata Brunner (4) and (1) was fre- 
quent,’ June through October in Anderson, Dallas, 
Ellis, Parker, Palo Pinto and Tarrant counties. This 
species has the widest seasonal range and is the most 
generally distributed of the northeentral Texas 
Phaneropterinae. The case cited above, X, 23, 33 is 
the only time in personal field collecting in northeen- 
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tral Texas when S. f. furcata and S. texensis were 
taken in large numbers. The seasonal spread of S. f. 
furcata may be due to variability in hatching or to 
two broods in one season. 


Amblycorypha uhleri (Stal) (1) was a late June 
to August katydid. It is very local in distribution 
but in favored habitats may become common. This 
bush katydid is sometimes associated with last of the 
season representatives of parvipennis. 

Orchelimum silvaticum MeNeill. (4). This species 
was frequent, August to October, and was collected 
in Anderson, Dallas and Ellis counties. 


SILVAN. Amblycorypha oblongifolia (DeGeer) (4) 
was frequent, June to September. The primary habi- 
tat of this species is shaded woods. Twilight col- 
lecting has shown that it is common in favorable 
localities. Egg laying habits were observed by Han- 
cock (1916) and are similar to those of A. p. par- 
vipennts as described above in my eage studies. 

Neoconocephalus triops L. (4) was frequent, Au- 
gust through April. This an unusual seasonal 
range. N. triops is the only tettigonid to hibernate 
as an adult. All the other species of northeastern 
Texas Tettigoniidae pass the winter in the egg stage. 
Triops is unique among North American katydids 
found north of Mexico in also being recorded (He- 
bard, 1927) as belonging to the tettigonid fauna of 
South America. 


is 


Field studies of this species were made in the 
Caddo Lake (Marshall) area, III, 31, 34. At this 
time frequent individuals were taken in permanent 
woods; also adults and juveniles, IX, 1, 33 in shaded 
woods near Elkhart (Anderson County). In Ellis 
County specimens have been secured in April by 
nocturnal collecting of singing males. Judging from 
its stridulatory behavior it breeds in April. 

The following observations concerning triops 
should be of interest to students of insect behavior. 
On the night of April 6, 1935, two singing males 
were collected with the aid of flashlights in the tall 
dry grass on a stream margin. These males were 
making the loud buzzing sound of N. triops which 
may be heard for long distances. The captured speci- 
mens were taken to my study and liberated on the 
study desk for observation, but they soon flew to 
other parts of the room. The time of turning the 
specimens from the live jar was 10:00 p.m. At 10:15 
p-m. a low subdued droning, buzzing hum was heard 
to come from one of these triops coneheads perched 
in the window draperies. In spite of two workers 
checking time, moving about and making close range 
observations (with the aid of a reading glass, hand 
lens and spotlight), this triops continued his solo 
without a break for thirteen minutes. 

An electrie light was held very close to the cone- 
head and a hand lens or reading glass within half an 
inch of this animated musie-box while triops was 
actively stridulating. The antennae were waving vig- 
orously, sometimes in unison. At times the antennae 
would be rotated as one would swing an arm. The 
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abdominal pulsations, which were pronounced and 
rapid, and tegmina movements were closely checked. 
After several counts, it was determined that the ab- 
dominal pulsations averaged one hundred and eight 
a minute and that the antennae gyrations were made 
at about the same speed. No rhythmic movements of 
the tegmina were apparent but rather a nervous 
jerking of the right or under tegmina. These more 
or less spasmodie jerks were much slower than the 
abdominal pulsations and antennae movements, aver- 
aging perhaps thirty a minute, and the tegmina 
movements did not seem to be associated with the 
low, continuous, buzzing drone. The loud field eall 
was not produced while this cone-head was under 
observation. 

Rehn and Hebard (1914b, 408) deseribe the field 
song of triops as “a very loud sharp z-z-z-z-z-z-z, 
indefinitely prolonged” and say further that when 
triops is closely approached, “a constantly recurring 
impulse gives an audible kr-z-z-z-z, kr-z-z-z-z with 
no break though a recurring clicking is heard.” In 
the indoor performance of the triops here described 
only the low audible song was heard; doubtless other 
variations oceur. 

In the literature at hand, there are no records by 
other observers who have noted the marked abdomi- 
nal pulsations which are here described and asso- 
ciated with the low-humming sound of triops. How- 
ever, Allard (Blatechley, 1920, 531) and Fulton 
(1932, 58) deseribe stridulatory sounds of triops as 
a “eontinuously buzzing hum” and as a “loud buzz- 
ing sound.” These descriptions presumably are based 
on field observations. However, they tally in part 
with the sounds made by triops which are here re- 
ported. In the making of this low drone by the 
specimen under close observation, I was unable to 
detect the use of the file-rasp, which is characteristic 
of the stridulatory technique of the Tettigoniidae and 
Gryllidae and well described by Allard (1928). Just 
how this low droning hum of triops was produced is 
not clear. It is apparent however, that the marked 
abdominal pulsations with the assumed attendant 
air pressure may produce air currents passing 
through the trachae, spiracles, wings and tegmina of 
triops which produce the humming, buzzing, droning 
sounds. These low drones may accompany the 
harsher stridulatory file-rasp sounds, but when made 
alone are produced without the aid of the file-rasp 
mechanism. It is to be hoped that other studies in- 
volving morphology and physiology may give fur- 
ther information concerning the technique and meech- 
anism involved which will explain the full repertoire 
of triops and other species of Neoconocephalus. 

As a further comment concerning stridulation 
among the cone-headed grasshoppers, Seudder (1874, 
376), as quoted by Blatchley (1920, 376), deseribes 
the note of N. robustus (Seud.) as heard in New 
England thus: “The song resembles that of the har- 
vest fly, Cicada canicularis. It often lasts for many 
minutes, and seems at a distance to be quite uni- 
form. On nearer approach one ean hear it swelling 
and decreasing in volume.” N. r. crepitans (Seud.) 





RESEARCHES CONCERNING TEXAS TETTIGONIIDAB 


471 


is found in northeentral Texas and was briefly dis- 
cussed above. 

When, after thirteen minutes, his musical perform- 
ance was apparently completed, our triops was again 
moved to the study desk and placed on a sheet of 
white paper. With two bright lights and a reading 
glass, continued observations were made, this time 
of an elaborate and well-executed series of ablutions.. 
First, the antennae were in turn carefully passed 
between the mandibles, maxillae, palps and other 
mouth parts; after these, the tarsi, pads, pulvillus, 
first of the right and left fore legs and then of the 
middle and hind legs, were treated to the same thor- 
ough cleaning. Next followed the careful rubbing of 
the genae, vertex, and other head and face features 
with the fore tarsi; after this the tegmina were 
rubbed with the hind tarsi for their full length. Each 
hind leg was used in turn to stroke and rub the 
femur and tibia of the other. 

During the entire seventy-five minutes of close 
serutiny, this specimen was obviously not giving the 
slightest heed to the comments and movements of the 
observers. 

Conocephalus brevipennis (Seud.), common to 
abundant on two field days, VIII, 31, 33 and IX, 1, 
33 in the vicinity of Elkhart in shaded woods and 
semi-marsh habitats. As far as the writer’s field rec- 
ords show, this species belongs to the Conocephalinae 
fauna of east Texas. 

Conocephalus saltans (Seud.). This species oceurs 
in association with C. brevipennis, and was found on 
only one field trip, IX, 1, 33. Most of the specimens 
of C. saltans on this date were late instar juveniles 
marking this species as belonging to the late summer 
fauna of shaded woods. 

The above shady woods Tettigoniidae belong to 
the lower zone. Two arboreal species of the silvan 
group were also found. 

Microcentrum rhombifolium (Sauss.). Only three 
specimens of this widely distributed American katy- 
did were collected. All were taken accidentally, ap- 
parently attracted by light. 

Pterophylla camellifolia (Fab.), frequent, late 
June to August. The “raucous chatterings in the 
trees” (Allard, 28) of the true katydid has been 
noted during late June, July, and August in the 
vicinity of Waxahachie and in east Texas near Ben 
Wheeler and Palestine. Only a few specimens of this 
tree-top dweller were collected, although their night 
calls indicate that they are common in favorable 
habitats. 

All of the bush and silvan species with the excep- 
tion of Microcentrum rhombifolium have been taken 
in the east Texas timbers. Productive collecting of 
these species was done during August, 1933, in the 
vicinities of Elkhart in Anderson County, Ben 
Wheeler in Van Zandt County, and near Tyler in 
Smith County. 

Semi-Marsu. Orchelimum vulgare Harris. A 
large colony of this species was studied in the Lake 
Worth area, Tarrant County, VIIT, 10, 33. On that 
date only a few individuals had reached maturity. 
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abundant. The habitat 
land with a heavy cover 


Fifth instar juveniles were 
was well-watered first bottom 
of tall slough grasses. 

Metealf and Colby (1930) give a detailed account 
of the life history and economic importance of this 
meadow grasshopper in southern Illinois. 

Orchelimum nigripes Seud. This is the most gen- 
erally found lake margin Orchelimum in northeast- 
ern Texas. Colonies of this species are found in the 
tall grasses growing in the water of lake margins or 
in grasses bordering lakes and streams. 

During August and September, every heavily 
grassed lake margin habitat which has been inspected 
in Ellis, Dallas, Tarrant, Anderson, and Smith coun- 
ties has been found to be alive with these active, 
white-faced, black-horned meadow grasshoppers. 

Orchelimum laticauda Redt. Only a few specimens 
of this species have been taken. All were collected 
in lake margin habitats in Anderson, Dallas, and 
Tarrant counties during August and September. 

Conocephalus f. fasciatus (DeGeer), common to 
abundant, July through October in all favorable hab- 
itats in northeentral and east Texas. Adults and 
late instars have been collected late in December, 
XII, 21, 33, three males, five females, two juveniles. 
This widely distributed meadow grasshopper has 
been found in suitable habitats wherever field work 
has been done with the exception of the Trans Pecos. 


REGIONAL DISTRIBUTION IN NORTHEASTERN TEXAS 


In addition to the twenty-five species discussed 
above, Rehn and Hebard (1914a, 1914b, 1915) list 
Scudderia curvicauda laticauda Brunner, Neocono- 
cephalus exiliscanorus Davis, Orchelimum buliatum 
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Rehn and Hebard, Orchelimum concinnum (Seud.) 
as belonging to the tettigonid fauna of northeastern 
Texas. This would bring the total up to twenty-nine 
species. Doubtless a few other records will be added 
to swell the total of tettigonid species found in north- 
eastern Texas. The northcentral Texas area has been 
critically checked by continuous field studies and the 
ecologically significant species are fairly well under- 
stood. The species which play an important role in 
the make-up of biotic communities and tettigonid 
populations are the ones which are numerous in in- 
dividuals in their optimum habitats. According to 
the present data twenty species of the Tettigoniidae 
may be designated as ecologically significant, and 
these species make up the tettigonid picture of 
northeentral Texas. May-July is the peak season for 
katydid-longhorn activity, and only seven species of 
the Tettigoniidae belong to the August-October or- 
thopteran fauna. The prairie-shrub is the optimum 
general habitat; only two species of the twenty are 
limited by lake margin conditions. The boundaries 
of northeastern Texas (Isely 1937, 320) are shown 
on the map, Figure 5. In this paper the prairie belts 
as shown on the map are designated as northeentral 
Texas and the eastern half is called east Texas. 
The eleven prairie species, as far as their Texas 
distribution is concerned, belong typically to the cen- 
tral Texas area as limited by the blackland and grand 
prairies. Nine of these prairie species as listed above 
appear to become infrequent along the eastern mar- 
gin of the prairie (Fig. 5). Good evidence of this 
fact was shown in a field trip July 4, 1935. Three 
collectors worked a three-hundred-acre prairie mead- 
ow found eight miles west of Paris (Lamar Co.) 
on highway 82. Single specimens of Arethaea gral- 
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lator and Amblycorypha huasteca were taken and a 
dead shell of A. parvipennis. Collecting in the viein- 
ity of Greenville and Commerce (Hunt Co.) on May 
11, 1940, produced only a few juveniles of A. gral- 
lator, and Pediodectes nigromarginatus. On the other 
hand, N. r. crepitans and C. strictus are wide rang- 
ing species. While belonging typically to the prairie 
orthopteran fauna, these two species extend their 
range beyond the prairies not only in Texas but in 
other areas east and north. 

The fourteen tettigonids listed as bush, silvan, and 
marsh species belong to the east Texas timber fauna. 
Species of this group have worked their way into the 
prairie belt chiefly along the timbered borders of 
creeks and streams. 

If population totals are taken into account, most 
of the twenty species which were here found in fre- 
quent to abundant numbers in northeentral Texas 
show primary and secondary habitats at the various 
stations where they have been intensively studied. 
Apparent exceptions are Pterophylla camellifolia 
Fab., which is restricted to the tree erowns, and 
Orchelimum nigripes Seud., which limits its activities 
in this area to lake and stream margins. 

The year 1933 was clearly a peak year in popula- 
tion for Amblycorypha huasteca and Arethaea gral- 
lator. In no other year of the period of fairly eon- 
tinuous field checking (1932-40) at favorable sta- 
tions have these species been taken in swarming num- 
bers as in the instances cited in the earlier section 
of this paper. While never as numerous in individ- 
uals in optimum habitats as Amblycorypha huasteca, 
and Arethaea grallator, the other prairie species have 
been fairly stable in their population numbers but 
show variations from year to year. 

The near swarming numbers of Scudderia texensis 
and Scudderia f. furcata X, 22, 33, cited in the dis- 
cussion of these species suggest migratory concen- 
tration in a favorable locality near the close of nor- 
mal seasonal activity. Here too, is another instance 
of unusual peak populations for the species con- 
cerned. 


THE TRANS Pecos Texas TETTIGONIIDAE 


During the summer of 1939 from mid-June through 
July and August, a study was made of the Trans 
Pecos orthopteran fauna in the Big Bend area of 
Texas, especially in the vicinity of Alpine. This 
work was undertaken while the writer was teaching 
in the Sul Ross State Teachers College summer 
school. Although one to three field trips were made 
weekly, only a good beginning was made in a per- 
sonal field check-up of the diffieult Trans Pecos or- 
thopteran fauna. The fact that we find in the Trans 
Pecos a tettigonid fauna wholly different from the 
one in east Texas is a point of interest. The indi- 
viduality of the Trans Peeos orthopteran fauna was 
first suggested to the writer by the well-known 
orthopterist—Morgan Hebard of the Philadelphia 
Academy of Science. Due to field work by Mr. He- 
bard and his associates in this area the orthopteran 
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fauna of the Trans Pecos is fairly well diagnosed. 
Only part of the scattered literature pertaining to 
the Tettigoniidae of the Trans Pecos was available to 
the writer. Brief field records concerning these south- 
western Tettigoniidae are given: 

PHANEROPTERINAE: Dichopetala brevihastata Morse. 
This species was taken in weedy pastures. One small 
colony was found in a pasture twelve miles east -of 
Alpine on the Marathon highway VII, 10, 39, eight 
males and six females were secured. Again at two 
stations on the highway to the Chisos Mountains, 
south of Marathon at Ridge Springs and Hackberry 
Creek. The latter station was a typical Larrea- 
Prosopis association with interspersed grasses, weeds, 
and shrubs. D. brevihastata adults were frequent at 
both stations, VII, 1, 39. 

Arethaea gracilipes cerciata Hebard. One speci- 
men was secured among mountainside grasses, VII, 
17, 39, Kokernot Mountain, Alpine. 

Arethaea arachnopyga Rehn and Hebard. Col- 
lected at the same station listed above for D. brevi- 
hastata VII, 10, 39, eight males and three females. 

Seudderia. One female, possibly S. mexicana 
(Sauss.) Ranger Canyon, Alpine. VII, 21, 39. 

Amblycorypha insolita Rehn and Hebard. Three 
individuals of this species were secured in the Hack- 
berry Creek Larrea-Prosopis habitat where D. brevi- 
hastata was found, VII, 1, 39. 

Microcentrum rhombifolium (Sauss.). Only two 
males of this species were secured. These were taken 
in the residential part of Alpine. 

PSEUSOPHYLLINAE: Paracyrtophyllus —_excellus 
(Rhen and Hebard). Three specimens, one male and 
two females, of this fine katydid were sent to the 
writer for study by L. T. Murray of the Baylor Uni- 
versity Museum, Waco, Texas. These were collected 
by Dr. Murray “in the Basin” Chisos Mountains, 
VIII, 4, 38. 

CONOCEPHALINAE: Conocephalus strictus (Seud.). 
Juveniles of this species were frequently collected at 
Kokernot Springs among tall grasses. Three adult 
males and one female were taken VIII, 19, 39, Kok- 
ernot Springs, Alpine. 

DECTICINAE: Rehnia cerebrus Rehn and Hebard. 
Two individuals of this striking large decticid were 
taken in tall vegetation. One at Ridge Springs VII, 
10, 39, and one at Ranger Canyon, VIII, 21, 39. One 
of my students, Chester MeShan, took three speci- 
mens of this species VII, 14, 1940, in Archer County 
fourteen miles southwest of Wichita Falls, Texas. 
These were taken among shrubs along the roadside. 

Rehnia victoria Caudell. One specimen of this 
species was collected at Ridge Springs, VII, 10, 39. 
Two specimens of this species were taken near Ver- 
non and Iowa Park, Texas, in late August, 1932, 
(Isely, 1934). 


Pediodectes stevensonii (Thomas). Oceasional to 


frequent individuals of this active decticid were taken 
in coarse mountainside vegetation, first as juveniles 
and later as adults during August. 

Eremopedes scudderi Cockerell. One male and one 
female VII, 14, 39, were taken in coarse mountain- 
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side vegetation, Kokernot Mountain. Juveniles of 
this species were taken in desert habitats along the 
highway to the Chisos Mountains area. 

Other records diseuss distribution of the following 
species and bring the total number of Trans Pecos 
Tettigoniidae to sixteen. 


Insara elegans elegans (Seud.) (Tinkham, 1938, 
p. 348) 

Arethaea semialata Rehn and Hebard (Rehn and 
Hebard, 1914) 


Pediodectes tinkhami Hebard (Hebard, 1934, 
p. 36) 

Eremopedes covilleae Hebard (Hebard, 1934, 
p. 39) 


Four additional species in juvenile stages were col- 
lected by the writer which were not determined; these 
may belong in part to those listed above as other 
Trans Peeos records. 

Only three of the species of northeentral Texas 
are found in the Trans Pecos. These species are 
Conocephalus strictus (Seud.); Pediodectes steven- 
(Thomas); and Microcentrum rhombifolium 
(Saussure). These records suggest that over 80 per- 
cent of the Trans Pecos tettigonid fauna is found to 
be distinctive when compared with the northeastern 
Texas Tettigoniidae. 


sonii 


In the Trans Peeos, Conocephalus strictus is lim- 
ited in its distribution to small grassy tracts which 
are found in a few restricted areas adjacent to per- 
petual springs. Pediodectes stevensonii finds shelter 
in coarse mountainside vegetation. Only two speci- 
mens of Microcentrum rhombifolium were taken, 
both in residential Alpine, suggesting the domestic 
affinities of this species and its possible dissemina- 
tion through shipments of nursery stock. 

In comparing the northeentral Texas fauna with 
the Trans Pecos fauna it should be noted that the 
predaceous sub-family Decticinae increases in num- 
bers. Six species, representing three genera, are here 
reported. The members of this sub-family seem well 
suited to the desert serub vegetation of thorn bush, 
eat claw, eacti, Sotol, Yucea, and Agave. Arethaea 
is represented by three species, all different from 
those in northeentral Texas. In contrast, such east 
Texas genera as Seudderia, Amblycorypha, and 
Conocephalus have only one species in each genus in 
the Trans Pecos. 


SUMMARY 


1. Cage studies are reported for seven species of 
southwestern Tettigoniidae which belong to the late 
spring and summer prairie fauna of northeentral 
Texas. 

2. The behavior of these seven species, including 
food choices, breeding habits, egg laying technique, 
and stridulatory activities, are deseribed and an- 
alyzed. 

3. A new egg laying technique among North Amer- 
ican Tettigoniidae is reported for Arethaea grallator. 
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4. Food preference tests show that the five 
Phaneropterinae are oligophagous in their choice of 
forbs for food, refusing grasses and as adults show- 
ing marked preference for floral parts. 


5. The two Deeticinae are wholly carnivorous and 
only incidentally cannibalistic. 


6. Stridulation is definitely correlated with sexual 
activity. 

7. A summary of field studies concerning forty- 
two tettigonid species gives an account of their local 
distribution, seasonal succession, and populations. 


8. Eleven of the species belong to the prairie 
fauna of northeentral Texas. Nine of these are re- 
stricted to the prairie belt, while two wide ranging 
species, Conocephalus strictus and Neoconocephalus 
robustus crepitans are more generally distributed. 

9. Eighteen east Texas species, which in part find 
their way into the prairie belt of northcentral Texas, 
have followed the wooded tracts which border water 
courses. These belong to the tettigonid fauna of 
eastern and southeastern United States. A few of 
these species range into central North America. 


10. Thirteen of the sixteen species reported from 
the Trans Pecos are different from those found in 
northeastern Texas or from tettigonids from south- 
eastern or central North America. 


11. These investigations point to the Tettigoniidae 
as promising and amenable material for further re- 
searches in the fields of animal behavior, life history 
studies, and terrestrial ecology. 
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